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Crankease sand-cast in 
aluminium alloy for a 450 b.h.p. 
diesel engine suitable for railear 

applications. By courtesy 
of Messrs. Davey, Pawman & Co. Ltd. 


<8 (ANAL 


You get more than a casting from 


A planis the link between past experience and future efficiency. 





Birmal can be called upon at the planning stage, and will pro- 
vide the lessons and benefits of fifty-three years of casting 
experience, 

Birmal service includes advice on the selection of materials and 
casting processes, a wide choice of specifications and foundry 
workshop co-operation, 

Birmal supply aluminium and magnesium castings by the sand, gravity 
die and pressure die processes. 





Birmingham Aluminium Casting (1903) Co. Ltd. 
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PLEX SURFACE GRINDING 
MACHINES 












* Finish Grinding 
Bronze Clutch Rings 
at 100 per hour 














Check the jobs in your own works 

where ROWLAND DUPLEX SURFACE 

GRINDERS would slash production costs. 
SOLE EXPORT AGENTS: 


DRUMMOND ASQUITH (SALES) LTD. 
Halifax House, Strand, London, W.C.2. Tel.; Trafalgar 7224 















When replying to advertisements please mention the Journal 











For grinding work on both sides simultaneously to close limits and a 
good surface finish, ROWLAND duplex surface grinders are un- 
surpassed .... CONSIDER THIS EXAMPLE:— 

Sintered bronze clutch discs, 14} in. o/d by II} in. i/d %& in. thick, 
finish ground from the rough, on both sides, at over 100 per hour. 
Stock removal approximately 0.015 in. in one pass. Limits held within 
0.0005 in. for parallelism and 0.002in. for uniformity. 

- . . . AND ASK US WHAT A “ROWLAND” 
DUPLEX SURFACE GRINDER COULD DO ON 
YOUR OWN WORK, 


OUR TECHNICAL REPRESENTATIVES ARE READY, 
ABLE AND WILLING TO CO-OPERATE WITH YOU. 


_ eSacehbin mata mina nie mc tceammaameataataaeas, | 


z 
4 F.E.ROWLAND [icecream 
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&CO.LTD. koe i 
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2 WEW symbol of machining efiiciency 








Registered 
Trade Mark 





GRADE 


A METRO— CUTANIT PRODUCT 


the symbol of versatility, toughness and greater wear resistance. 


Produced especially for the general ‘machining of cast irons, and non-ferrous 
metals, non-metallic materials and austenitic steel and alloys, 12% manganese 
and steels of over 80 tons tensile strength. 


Savince 











WM JESSOP & SONS LTD 
BRIGHTSIDE WORKS SHEFFIELD 


JJ SAVILLE & COLTD 
~ TRIUMPH WORKS SHEFFIELD 

















ENQUIRIES TO SMALL TOOL WORKS, PORTLAND ST. SHEFFIELD 6. Telephone: 20224. 
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MARK 


SM/MC2861 


C4 BRITAIN'S FOREMOST DISTRIBUTORS 


As members of a community, we 
are dependant on one another. 

Our whole organisation 

is based on this simple fact. 

The renowned M & C Sales and 
Technical service is our contribution 
to the urgent day-to-day 


needs of British Industry. 


Photograph by courtesy of 
Morris Motors Ltd., Engines Branch, Coventry. 
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MODEL2JUR 
MILLING MACHINE 
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TABLE SIZE 50” x 10’ 


A very high quality machine possessing every desirable 
feature which it is possible to build into a milling machine 


intended for toolroom or batch production use 


Built up to a standard, not down to a price 


ADCOCK & SHIPLEY UTD «0 cco 














Rapid traverse ALL WAYS 
Positive backlash eliminator, with hardened table screw 


Push button oiling 

24 speed changes, from 30 to 1200 r.p.m 

15 feed changes, from }" to 30" per minute 
“Easy-set” large diameter micrometer dials 

Knee of massive section with I1}" wide bearing surface for cross slide 


“Finger-light” positive knee lock 


P.O. Box 22, Ash Street, Leicester. 


Telephone: Leicester 24154-6 
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Superior Deburring/Radiusing 
Time Saving - Constant radii 
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Merrceflex 


SEMI - AUTOMATIC 
GEAR SPLINE ETC. 
DEBURRING /RADIUSING 


MACHINE 


FOR GEARS, SPLINES, SERRATIONS ETC. 
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Specify the Holman series ‘‘30’’ Rotogrinds. 
Widely used in every branch of industry, 
efficient, easy-to-handle, they’re powered 
by the same reliable unit used in the 

**3000”’ series Rotodrills. 


Try the ‘‘Z” series Riveting Hammers. Designed 
to combine maximum power with minimum recoil, 
these high-speed, handy tools can be used in 
perfect safety on difficult footings. 











PNEUMATIC TOOLS 





AIR COMPRESSORS HOLMAN BROS. LTD., CAMBORNE, ENGLAND 
ROCK DRILLS Telephone : Camborne 2275 (10 lines) 
Telegrams : Airdrill, Camborne 
London Office: 44 Brook St., W.!. Hyde Park 9444 HHIO 
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Registered Trade Mark 


al very stage 


Means higher 
fel] geloltloxa te) s mmr: i 
lower cost 


Throughout the plant, in 
innumerable ways, Lang 
Pneumatic Control Gear 
provides a simple and automatic 


means of increasing Rough Turning . Finished 


sa Machining . Grinding 
productivity. It reduces manual Heat Treatment . Plating 
° ° Fina Inspection 
handling of materials and Assembly Packing 


Despatc 





enables complex sequence 
operations of machining etc. to 
be carried out without 
attention. Human error is 
eliminated and greater 
accuracy results, with 

fewer rejects. 
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PNEUTOMATION 


RECEIPT OF GOODS 
Material handling through 
Pneumatic Hoists and control. 


MACHINING 

Complete control of machine 
cycle, i.e. feed of tool, 
clamping of component, sizing. 


HEAT TREATMENT 
Continuous movement to pass 
through automatic furnaces 
and quench tanks. 


GRINDING 
Hydro-Pneumatic Feed Units 
for plunge grinding and air 
operated fixtures. 
PRESSWORK 

Strip feed control, ejection of 
components, safe clutch 
control. 


PLATING 

Controlled agitation in Plating 
Vats, and automatic removal of 
parts after predetermined cycle. 
INSPECTION 

Control of fully and semi-automatic 
inspection equipment, including 
feed, location and ejection. 


PACKING & DESPATCH 
Mechanical Handling, assisted 
by Pneumatic Control and 
Material Handling by Hoists and 
positioning Cylinders. 


LANG PNEUMATIC CONTROL GEAR 


entirely non-corrodible 
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NN 


°LANG PNEUMATIC LTD 





VICTORY WORKS BIRMINGHAM ROAD WOLVERHAMPTON Tel: 25221:2°3 
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a really low cost top quality motor 


BUILT TO THE DRAFT BS CW (ELE) 6246 WITH CLASS ‘E’ INSULATION 


which means a smaller, more compact, interchangeable motor 





Improved 
ventilation 


New terminal 
box design 

speeds wiring 
& installation — i —= 


* 






























- , | Versatile New insulation | Excellent Die-cast rotor 
Rigid, corrosion mounting technique for dynarhically More 
resisting and cliieiedi aeel aeons balanced complete 
cast iron frame application performance (COOLING FAN | protection 





performance CAST INTEGRAL) 


neers Prompted by the increasing need among equipment manufacturers for a reliable 
source of power for the many thousands of applications where drip-proof en- 

closure is adequate but size and low initial cost are vital factors, Newman engineers looked ahead 
to this day. Their aim was to design and produce an entirely new range of drip-proof motors of high 
efficiency and utmost reliability and compactness at a really low cost. Not only have they achieved 
this but they are also right up to the minute in taking advantage of the new insulation techniques 
and standardised dimensions—leaders again! 





SEND TODAY FOR LEAFLET C.D.101 WHICH GIVES FULL 
DETAILS from NEWMAN INDUSTRIES LIMITED. YATE, BRISTOL 
Telephone: Chipping Sodbury 3311 
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When you want machinery 


.. remember WARDS have the 
most comprehensive stocks 


in the country | 


° 





Whenever you require modern machinery—new, 
rebuilt, or secondhand—it’s always a good idea to 
contact WARDS first. With machinery showrooms 
at Sheffield, London, Glasgow and Briton Ferry, 
it is possible that the machine you need is in stock, 
such is the extent of machines available. This 
comprehensive and continually changing range is 
listed every few months in the “Albion Machinery 
Catalogue”, 260 pages of profitable information, 
ranging from machine tools to railway accessories. 


A copy is yours for the asking. 








THOS.W.WARD LTD 


ALBION WORKS . SHEFFIELD 


ne: 26311 (22 lines) 
London Office: Brettenham House, Lancaster Place, Strand, W.C.2. Phone: TEM 1515. Grams: Toward Phone London 


Showrooms at Sheffield and— 


Silvertown, E.16 
one: Albert Dock 2841 (5 lines) 


BRITON FERRY: 

18-24, Fore Street, Giants Wharf, 

un, W.4 Glamorgan 

Telephone : 8083 (3 lines) Telephone: 3166-7 G.45 
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Many problems involved in the high-rate produc- 
tion of work of special nature or requirement are 
being solved by B.S.A. single spindle automatics. 
For work up to 2 in. diameter, from the common- 
place to the most intricate, B.S.A. automatics 
maintain their reputation for speed with accuracy 


and reliability. 





This bronze component is machined complete in 7 
seconds on a B.S.A. 98 single spindle automatic. 
The “hairpin”? magazine feeds the cast-blank to a 
loading block on the rear cross (27mm) 
slide whence it is transferred to eo 





a chuck. Ten operations are 
performed involving tooling on 
the front cross slide, the turret 
and a stationary cutter within 

| the workspindle, then the finished 
part is automatically released to 
fall in the pan. 





Standard tooling on a B.S.A. 48 single spindle automatic 
produces this burner-jet in 3} seconds. {ncluded in the 
sequence of operations is an electro-pneumatic means 
of automatic inspection of the fine hole. Any obstruction 
to an air-blast which is directed through the component 
a causes a back pressure to be 

ei (iam) oy fed to a Sigma control unit. 
a % -——f\ This operates a solenoid anit 
| which stops the machine and 
lights an indicator. Drill 
mm SS replacement and removal of 
v the defective component can 














0154’ 
0146” DIA (04mm) then be made. _ 


34 Secs 


Also B.S.A. METRIC 18-52 mm. single spindle automatics for users of continental specification machines 


B.S.A. TOOLS LIMITED - BIRMINGHAM 33 ENGLAND 


Sole Agents in Great Britain: 
£4. ON GRIFFITHS & CO LTD - KITTS GREEN BIRMINGHAM Telephone: STEchford 307! 
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The Institution of Production Engineers Journal 


the Beauty of Gravity 


The beauty of it is its economy, in fact, 

Newcon Roller Conveyors are the cheapest, 
simplest and most adaptable form of 
inter-departmental transport. Continuous 
movement of materials can be arranged which is 
capable of fine speed control, according to 



















RF 


the incline of any section. 
An installation can be extended or modified 
é with the utmost ease, and all components can be 
YY supplied from stock to meet individual 
requirements. Newcon Roller Conveyors are in 
standard 10 ft. sections, with curves, switch 
sections, turntables and stands also available in a 
range of weights and sizes. 


NEWCON 


roller 
conveyors 





Company 












Please send literature and full details (Please tick those req.) 
ROLLER CONVEYORS IDLERS DRUMS 







NAME 
FIRM 
ADDRESS 
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NEW CONVEYOR CO LTD ‘ 


HEAD OFFICE SMETHWICK BIRMINGHAM 40 ALSO AT LONDON MANCHESTER GLASGOW 
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The best bright steel bars 
—bar none! 


As steel stockholders Macready’s Metal Company 
meet the pressure of an intensely competitive industry 
with stream-lined service and the highest quality stocks. 
Twenty well known lines are handled 
in the large and efficiently planned warehouse in Pentonville Road, 
ensuring fast delivery and exact response 
to the customer's specifications. 
Known throughout the steel industry, Macready’s Usaspead Service 
is a guarantee of quality, accuracy, 
and prompt delivery. 


MACREADY’S METAL GOMPANY LTD 
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‘STAKARAK’ 
UNIT 
RACKING 


Stronger reinforced. corners for lasiking: 

Larger steel rivets for stength. 

Better galvanised finish far durability. Stock 

card holder ; 

Standaed soles 12” x 12” x 6” and 24” x 12” x 6’. 

Suitable for use with standard racking and 

Victrolec patented unit ~. 

An entirely new approach to tote box 

racking system. 

Patiat exit design, of 3, 4 or S tiers for 

stacking to any desired height for 

ronan safety stacking” and teed 
te ing” guaran 

rigidity for mechanical handling. 


faiety VICTROLEC LTD recite ines lene: "hae Brmngon 
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MATERIAL ADVANTAGES 


Of the new plastics materials adopted by industry in recent years 
‘Araldite’ epoxy resins are the most versatile and valuable. Their 


properties include remarkable adhesion to metals and ceramics, 





excellent electrical characteristics, high structural strength, negligible 
shrinkage on setting, as well as chemical resistance. The electrical 
industry, for example, makes extensive use of ‘Araldite’ resins for 
potting, sealing, impregnating, bonding, dip-coating and structural 
insulation. Gravity castings of all sizes, with or without mineral 
fillers, are used for insulation, insulators, bushings and structural 
parts. The illustrations show an insulated shroud for a 33kV switch- 
gear earthing device and a cast ‘Araldite’ 11kV bushing. 


A complete set of literature on ‘Araldite’ 
Epoxy Resins will be sent gladly on request. 








‘Ar aldite : | Rte toate 


epoxy resins 


‘Araldite’ is a registerea trade name — 






Aero Research Limited, 4 Cite Company. Duxford, Cambridge. Telephone : Sawston 2121 


AP266-2894 
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| internationally famous for acewvacy and... 


PRECISION 


RELIEVING 
ATTACH MENT 






























@ _ READILY DISENGAGED FOR 
NORMAL TURNING, 


@ ONE CAM GIVES VARIABLE 
RELIEF. 


@ RELIEVING ATTACHMENT IS 
BUILT AS AN INTEGRAL 
PART OF THE MACHINE. 








EMBODYING ALL 
THE LATEST 
DEVELOPMENTS 
IN LATHE DESIGN 
AND BACKED 
BY ALMOST 
100 YEARS 
EXPERIENCE 














| 2S 
KEIGHLEY ENGLAND 
LIMITED 


We manigfactwe... +30 SWING ENGINE LATHES* SURFACING & BORING LATHES *TOOLROOM LATHES 


Peewee emer week S@eteRATURE SENT OW REQUEST 
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Rolled and Forged Steel Knge ‘Bay * 


New ring-rolling equipment at 


the Steel, Peech and Tozer plant. 





Steel, Peech & Tozer 

manufacture rolled and forged rings 

in a wide variety of carbon and alloy steels. 
Diameters available range 

from 4 inches to 5 feet. 


THE UNITED 


r ii 


COMPANIES [T° 


STEEL, PEECH & TOZER - THE ICKLES - SHEFFIELD 


A Branch of The United Steel Companies Limited 
Telegrams: ‘‘Phoenix, Sheffield”? Telephone: Sheffield 41011 : Rotherham 542i 


SP193 
When replying to advertisements please mention the Journal 
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Although the world-wide reputation 
enjoyed by the Webster and Bennett 
Boring Mill is based on inherent quality 
and fitness for purpose there are other 
aspects of service of equal importance. 

One of those which is of particular 
pleasure and satisfaction to our cus- 
tomers, and a source of pride to our- 
selves, is a punctilious observance of 
delivery dates. No effort is spared to 
meet a promised delivery and although 
unforeseen circumstances have frequently 
arisen, sufficient in themselves to justify 
a delivery extension, deliveries quoted for 
machines have never been broken. 












Y 
Z 


The illustration shows a Webster and 
Bennett 60” Boring and Turning Mill 
at the Bradford Works of Crofts 
(Engineers) Ltd., machining a 60” dia- 
meter vee groove pulley with a face 
width of 26” having 18 grooves 1}” wide 
by 1}” deep. 
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WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 
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The Only 1-6 Diameter 


AUTOMATIC INTERNAL GRINDER 
FOR LONG AND SHORT RUNS 


XX111 





Machine can be changed 
from one job to another 
in half an hour 


Extreme accuracy—high finish 


SPECIFICATION 


Automatic sizing by Min./Max. dia. bore .. .. 26... = J"—6" 
. Maximum grinding length apes Seba Oe 

diamond or plug gauge Seen ey 
Maximum chucking diameter in guard . . 133" 


Headstock swivels to one side... .. .. 10 


* Write today for full technical information 


ROCKWELL 


Special chucking equipment supplied on request 


MACHINE TOOL m= ayes WELSH HARP, EDGWARE RD., LONDON, N.W.2. TEL: GLADSTONE 0033 





ALSO AT BIRMINGHAM—TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2822 
\¢/30 
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for AUTOMATION 


DRILLING, TAPPING, 
MILLING, SCREWING 


 thisi 
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GEARED FIXED CENTRE DRILL HEAD 

Made to specific requirements for light or heavy duty 
drilling, reaming and tapping. Each spindle rotates at 
correct speed for its particular duty. Vertical adjustment 
for each spindle as required. Designed to fit customers’ 
drilling machines. Standardised stock components 
minimise cost. 


GEARLESS FIXED CENTRE DRILL HEAD 

No limitations to hole pattern, however complicated. 
Centre distance can be as small as twice the drill 
diameter. Particularly suitable for drilling holes up to 
+” diameter. Designed to fit customers’ drilling machines 
or can be used with the S.P.K. Multi-Drilling machine, 
making a self-contained high production unit. Unique 
S.P.K. system of standardised stock components 
minimises cost. 


TELL US YOUR PROBLEMS, THEY MAY NOT BE 
PROBLEMS TO US! 


Other time-saving products include :- 
ADJUSTABLE CENTRE DRILL HEADS ...... Brochures DH101/5 
MULTI-DRILLING MACHINES ............... Brochures DH104/6 








SLACK & PARR LTD. 


(MACHINE TOOL DIVISION 4) 
KEGWORTH, NR. DERBY, < PHONE: KEGWORTH 306 GRAMS: PARR, KEGWORTH 
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Have you considered 


the advantages of magnesium 





This portable protective barrier safeguards workmen carrying out repairs on one 
set of high voltage cables whilst the other set is still in operation. Fabricated for 
The North Western Electricity Board from magnesium alloy plate, tube and extrusions, 
the barrier combines exceptional lightness with strength and rigidity. 

The inherent strength of the barrier was assured by magnesium’s outstanding 
weldability. When magnesium is welded by the argonarc process stronger welds can 
be obtained than with most other light alloys and efficiencies of at least 75% may be 
expected. Wrought magnesium can also be welded to magnesium castings without 
appreciable loss of strength. 

These and other advantages of magnesium fabrications are being brought to 
every industry by MEL. Their Fabrication and Assembly Shops at Clifton Junction, 
Manchester, are entirely devoted to magnesium; they were planned and equipped 
with only magnesium in mind. 

Magnesium Fabrication is fully discussed in the booklet 
MEL Magnesium Fabrication Facilities. You can obtain a copy by writing to 
Magnesium Elektron Limited, 21 St James’s Square, London SW1 


kill dead weight with magnesium bet 


When replying to advertisements please mention the Journal 
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An Acme Installation 

















This is a photograph of a typical Acme Installation. From right to left it * 
shows a Troughed Belt Conveyor from Shake-out. Magnetic Separator, 


Fume Extraction over Mould Conveyor and Pouring Monorail 





* The Acme Companies consist of: 


The ‘Conveyor’ range includes the Acme ‘No-Leak’ 
Apron Conveyor, Roller Conveyors, Slat Conveyors, 
Overhead Chain Conveyors, Belt Conveyor both Flat Acme Conveyors Limited 
and Troughed, the ‘Convoyer’ and the ‘Acmeveyor’, 
a vibrating conveyor of modern design. 


Our wide range of ventilation activities includes Dust and Acme Ventilating Limited 
Fume Extraction, Plenum Heating, Pneumatic Conveying, 
Air Conditioning. Though the Acme Companies combine to 
to install complete Ventilating and Conveying installations, ‘ 
they also welcome individual enquiries from any industry. Acme Welding & Constructional 


Engineering Company Limited 








Please write for individual details or literature, or ask for a complete catalogue if required. 


Acme Chambers - Bradford Street - Walsall ~ Staffs 





Phone: Walsall 5183-4 & 6793 Grams: Acknight, Walsall 


Please refer to Dept. P.E.1. 
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Liintam 


The Bantam needs no introduction: 

over the past two years this lightweight, 

portable cutter has proved capable of tackling 

the biggest of jobs. And now, in addition 

to its other standard features such as reversible 
motor and ability to cut 2” thick steel 

with machine accuracy, the Bantam has been fitted 
with a new mixer type nozzle. Nozzle-mixing 
virtually eliminates back-firing and gives a 

faster rate of cutting, a higher degree of safety, 
and better quality, trouble-free 

cutting. Why not write for details of the Bantam 2 ? 


a — = sos a .. ei 
British Oxygen Gases Ltd:, Industal Sic ‘ ‘House, St. James's, London, S.W.1. 





+ 
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your guarantee 


of perfect cutting 
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What do you know 
about Newbury... 


Donnington Castle, situated on the outskirts of Newbury, 
was the scene of many sieges at the time of the Civil War, 
and today it still bears its cannon-ball scars in the form of 
brick patches, eloquent testimony of the storms of history 
which have swept round the town. Newbury happily 
combines a variegated beauty of its own with the modern 
amenities of a busy market and industrial town. 

Oppermans of Newbury have a modern factory which typifies 
the industrial life of Newbury. Here, in a well-equipped 
plant, is manufactured a complete range of Geared Motors, 
Reduction Gear Units and all types of Gear Wheels. May 


we have vour enquiries or send you descriptive literature ? 





Co-Axial Shaft Spur Reduction Gears. 4 h.p. to 60 h.p. 
Output Speeds between 400 Pm. and 0.252 PERMANS of NEWBURY 


OPPERMAN GEARS LTD - NEWBURY - BERKSHIRE - ENGLAND 


Telephone : Newbury 1701 








Telegrams ; Oppigears, Newbury 
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AUTOMATION OR OTHERWISE 


let Wild-Barfield fit 
heat-treatment into 
our production line 










More and more production engineers are finding that the installation of Wild- 


Barfield continuous furnaces speeds up production flow and helps to cut costs. 
By bringing heat-treatment right into the production line, delays and wasteful 
handling are eliminated. Wild-Barfield make a wide range of continuous furnaces 
for normalising, hardening, tempering, carbonitriding, bright annealing and other 
applications. All are built to the highest standards of workmanship to meet the 

requirements of production engineers and metallurgists. The Wild-Barfield 





Research Department is available to advise on your heat-treatment problems. 


WILD 
BarrieLO FOR ALL HEAT-TREATMENT PURPOSES 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 6091 (8 lines) 


WwB37 
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» See the latest developments 


in equipment for Industry at 


THE FIFTH 


FACTORY 


EQUIPMENT 
EXHIBITION 


AT EARLS COURT 
4 29th APRIL to 4th MAY 











A comprehensive exhibition of equipment 


and plant of direct interest to Production Engineers 


complimentary ticket in this issue 





DAILY FROM IO A.M. TO 7 P.M. 


(SATURDAY I0 A.M. TO 5 P.M.) 





This exhibition is sponsored by ‘The Factory Manager’ and ‘Factory Equipment News’ 
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AUTOMATION 


IN SPRAY FINISHING 


Manufacturers wishing to paint 
repetition parts at high output rates 
with the minimum of labour and 
cost will find that this AEROSTYLE 
electronically controlled spray coat- 
ing machine represents a big step 
forward in the automatic spraying 
of small components. 

It is cheap to install and simple to 
set up. The spraying period is infin- 
itely variable (by a simple adjustment 
of the electronic controller) between 
0.1 seconds and 10 seconds. Once 
the setting has been made the 
operator cannot alter the amount of 
paint being applied, no matter how 
fast or slowly he works. The coating 
thickness can therefore be guaran- 
teed within 1%. There is a big 
saving of paint as compared with 
manual spraying. The unit is avail- 
able with from 1 to 4 spray guns, 
according to the type of work to be 
handled. 

An automatic self-cleaning mask 


device can be supplied as an extra. 


For full particulars write to: 


AEROSTYLE of ACTON 


AEROSTYLE LTD. Sunbeam Road, North Acton, London, N.W.10 
Tel. ELGar 3464 (PBX) 
Also at Manchester Birmingham Glasgow Dublin 
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AND NOW sauare p 


f COMBINATION STARTERS 


set new 
high-quality standards 


Here, in one compact enclosure, is combined all the outstand- 
ing design advantages of the Square D Magnetic Starter with 
the new high-standard Disconnect Switch. This saves you 
space, maintenance time and installation costs and ensures 
greater safety. 


nal 








uf Check these features. You cannot afford to have heavy-duty 

Combination Starters without them. 
FLEXIBLE. For fusible models, simple conversion kit en- 
ables a machinery builder serving several markets to 
change British H.R.C. fuse clips to Canadian-American fuse 
spacing. Long deliveries are avoided and stocks are mini- 
mised. For illustration purposes only, both fuse sizes are 
shown mounted in place. 

J HORSEPOWER RATED DISCONNECT. Heavy silver 
plated visible plates, quick-make, quick-break with arc chutes 
featuring magnetic blow-out. Will repeatedly interrupt a 
stalled motor load. 

uf INDUSTRIAL DUST-TIGHT AND OIL-RESISTING 
ENCLOSURE. External mounting flanges, gasketed door, 
and drip hood at no extra cost. One unit only to mount. No 
additional wiring. 

FULLY INTERLOCKED DOOR. Cannot be opened by 
unauthorised personnel without operating disconnect switch. 
All exposed conductors are dead with door open. Live ter- 
minals fully shielded. 

ALL COMPONENTS EASILY ACCESSIBLE. Maintenance 
and inspection a matter of seconds. 

/ MULTIPLE PADLOCKING. Can 
be locked with up to 4 padlocks. 
Ensures safety for maintenance 
personnel working on large mach- 
ines. 











And they will give LONG-LIFE & TROUBLE-FREE SERVICE—Square D 
Combination Starters are made in Britain to performance-tested American 
designs. 


ok your local Square DField Engineer about 
CLASS 8538 COMBINATION STARTERS 


FIELD OFFICES: Birmingham: 72a Queen’s College Chambers, Paradise Street, | 
Midland 4212 Manchester: 4 Minshull Street, |. Central 9759 Glasgow: 235 Bath 
Street, C.2 Central 3260. 


SQUARE J) LIMITED 











100 ALDERSGATE STREET, LONDON, E.C.I Telephone: METropolitan 8646 
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WHAT IT IS 


DOUBLE BOND, evolved after extensive 
research by the makers of Hermetal, is 
manufactured from chemically reactive 
resins (Epoxide based) forming a 
new, self-setting, spreadable compound 
which entirely supersedes metal fillers — 
including lead. 

As part of the new technique in the 
fabrication of equipment with resin 
bonded glass laminates, it provides the 
joint and seal. 


PROPERTIES 


Exceptional adhesion 
Great tensile strength 
Chemically resistant 
Sets harder than lead 
Self-curing to any depth 
Non-shrinking 


Easily workable 
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MAKE 





tr er ice 
Se ame | 
ee 0 Petites 


MEND 


MATERIAL for 
INDUSTRY 


Available as putty or cream 


Extended ‘ pot’ life 


Replaces leading—no lead poisoning, 
non-injurious 


COULD YOU 
BE USING IT? 


“ Double Bond” has a wide range of 
production and_ trade applications ; 
practically every industry can _ benefit 
from the saving in time and costs which 
its use ensures. 

DOUBLE BOND mends, seals and fills 
cracks, blow holes, rivet heads, joints, 
even large cavities — in one application. 
For construction of jigs, patterns, work 
or tool holders. Instead of lead or solder 
for sealing joints, filling damaged parts, 
coachwork production and repairs, etc. 
In place of metal for cast and/or 


machined components of prototype or 
quantity produced equipment. 

For avoiding delay in delivery of 
‘ specialist ° equipment. Fabricate it with 
plywood or plastic bonded sheet, etc, 
etc., and joint and protect it with 
“Double Bond ”. 


TWO TYPES! 


PUTTY — can be mixed and moulded 
with the hands or mechanically. 
CREAM — mixed and applied with a 
knife or spatula. 

Write for descriptive folder or:- 





TRIAL SUPPLY 


4 oz. each of putty 7/6 
and cream with full 


: : Post 
directions for use: 


Free 











THE KENILWORTH MANUFACTURING CO. LTD 


WEST DRAYTON 


MIDDLESEX 


Makers of Hermetal, Summit metallic Paints, and Hermetite Jointing Compounds 


Telephone: West Drayton 3047/2173 









vou 


of 
th 


th 


ed 

















a 


ane 


and pad tor 


emselves tw 


60 DAVS 


Typical of many 
RACK installations 
throughout industry 
























DIRECT FROM 
BINS TO TRAYS 


+10 PORTABLE 
BANKS 





|e; 8 
— 
CONTROLLED MATERIALS (°° 05," 9. fe ' 


PLACEMENT 4eps speed 
Assembly aud Machining 


Tue movement of sets of related parts, step by 
step, from stock room to point of final assembly, by Rack 
Conveyors, is shown in these pictures. Note that the 
material is sorted and placed on Rack Conveyors in 
workable order, creating a portable bank for servicing 
operation points. 

Thus controlled materials placement avoids loss of time 
.and confusion and helps speed production! 


one for information on Rack Conveyors for your particular 
procedure, whether for handling, moving or processing. 
how accessible they are to operator . . 


bo onINVOR SUSTENS eee 
-_ 


RACK ENGINEERING LIMITED 


LONDON, E. C. 3, ENGLAND 


_. FOR EASY-T0-REACH 
ASSEMBLY 














@ See how easy it is to locate parts and 





6 of the 18 Rack Units Available 


9 CAMOMILE STREET 
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... symbol of quality and service 




















From concept to finished product, the precise standards demanded 
to-day depend on the efficient co-ordination of all available knowledge, 
experience and manufacturing facilities. The BLRFIELD Group of 
Companies, serving particularly the Automotive. Railways. Aviation 
and General Engineering fields. applies its collective knowledge and 
resources to all projects undertaken within the Group. BIRFITELD 


service to industry is comprehensive, expert and dependable. 


BIRLITE BATTERIES LTD 
BOUND BROOK BEARINGS LTD 
CASTINGITE LTD 
COX ATMOS PRODUCTS LTD 
FORGINGS AND PRESSWORK LTD 
HARDY SPICER LTD 
T. B. FORD LTD 
INTERMIT LTD 
t { t t KENT ALLOYS LTD 
BBns G. K. LANCASTER (LONDON) LTD 
LAYCOCK ENGINEERING LTD 
$3 R. JONES & CO. LTD 
ODDY ENGINEERING LTD 
THE PHOSPHOR BRONZE CO. LTD 
SALISBURY TRANSMISSION LTD 
TOOLMAKERS & DESIGNS (COVENTRY) LTD 
THE VACUUM BRAKE CO. LTD 
UNIPOWER RZEPPA LTD 





THE BIRFIELD GROUP ‘ 








STRATFORD HOUSE LONDON - W-:? 





LIMITED 





INDUSTRIES 





BiRFIELO 
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type MUL-250 


Shop Gauge Measuring Machine 


Guaranteed Accuracy 
Upto4d® «2... ..: 0:000025 
Upto 10°... ... «.. 0.00005 


This is one of several measuring machines manufactured 
by Société Genevoise d’Instruments de Physique. It em- 
bodies a Standard Scale of the highest precision. 

All the usual shop gauges—plain or limit plugs, screw- 
thread gauges, plain rings, snap gauges, spherical and 
flat-ended bars, flat gauges and many others — as well as 
taps and a variety of workpieces are measured in absolute 
value by the Shop Gauge Measuring Machine. 
Comparative measurements to 0.00005’ are possible; 
production gauging can thus be performed rapidly and 
conveniently. 

Other machinesin the manufacturing programme include: 
MUL-1000, MUL-3000 and MUL-4000 Measuring Machines 
of 1,3 and 4 metre linear capacity. 

MU-214B Three co-ordinate Universal Measuring Machine. 
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to set the Standards 


The Standard Scale is graduated on the same 
machine and with the same great precision as 
are the fundamental length prototypes supplied 
by SIP to the International Office of Weights 
and Measures (Sévres), the Nationul Physical 
Laboratory (Teddington) and the 

National Bureau of Standards (Washington). 
Detailed information about the scope 

of SIP Measuring Machines is available 

free on request from Societé Genevoise Ltd., 
5/6 Brettenham House, Lancaster Place, 
London, W.C.2. Telephone: Temple Bar 2126. 
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It’s time you put 
your machine tools in their place 


Who’s the master in your machine shop—you or the machines? 
Before you answer, think how many times your planning has been 
modified or thrown out by the natural immobility of a machine. 
Remember the machine that took two days to move? The machine 
that wrecked a floor? The machine that needed ten men to install 
it?) The machine that wouldn’t fit in with your production 
planning? 

Machines are the bosses too often. The way to master them is 
to put ‘em where they belong—on “BARRYMOUNT” Self- 
levelling Mounts. Then you're the boss. You can have them 
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BARRY 


FROM BARRY conTROLs INC OF — 


where you want them ina fraction of the time... get better work 
from them... replace them in minutes when they break down. No 
more bolting down for fear they'll walk out of the shop. No 
shimming. No more structure-borne vibration. No more work 
spoilage. Less operator fatigue. You want to know more? Then get 
onto Cementation (Muffelite) Ltd.—first step to get your machines 
on to “BARRYMOUNT*™ Self-levelling Machine Mounts. 

See the “‘BARRYMOUNT?”’ Self-levelling Machine Mounts 
on Stand D. 18 at the Factory Equipment Exhibition, Earls 
Court, April 29—May 4. 


Machine tools belong on 
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SELF -LEVELLING MACHINE MOUNTS 


ad “BARRYMOUNT™” and “BARRY B MOUNT are Registered Trade Marks 


Find out the facts from Cementation (Muffelite) Ltd., 20 Albert Embankment, London, S.E.11. 


Telephone: Reliance 6556 
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With the opening of the new hard chromium 
extension to the Scottish Works at Port 
Glasgow, Fescol offer even better service to 
their clients. Components measuring up to 15 
ft. long and 5 ft. in diameter, with a maximum 
weight of 6 tons can now be “Fescol”’-ised in 
hard chromium with speed and economy. 


Sole Licensees for Australasia: De Havilland Aircraft Pty. Ltd. 





The new facilities maintain the lead established 
over 35 years ago when Fescol were first to 
introduce heavy nickel and chromium deposition 
for engineering purposes. 

For further details about this latest develop- 
ment or general facts about the process, please 
write for leaflet PE2. 


Milperra Road - Bankstown 
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This is an example of All- 
Welded Machine Bed Plates 
manufactured by this Com- 
pany. The photograph shows 
how well the complications 
of modern machine practice 
can be overcome by this 
modern method resulting in 
great economies. 











We can profile cut any shape in mild steel 
from |” to 6” in thickness. Our products 
are clean cut and necessitate the minimum 
of machining and finishing. They make for 
large economies in reducing the number of 
operations Send your enquiries to:- 


Bolton Railway Wagon & Ironworks Co. Ltd. 


Telephone 
Bolton 4020 (3 lines) 


BOLTON, Lancashire. wana anit 








THE FERRANTI PEGASUS COMPUTER 





FERRANTI 


The Ferranti Pegasus Computer is a 
new high-speed general-purpose elec- 
tronic digital computer of exceptional 
versatility. It is particularly suited to 
the calculations arising in the Aircraft 
and Engineering Industries. One of its 
principal features is the exceptionally 
wide range of operations which can be 
performed, making it much simpler to 
‘“‘programme”’ than most machines of 
its type. 


For full information on Pegasus write to 
Ferranti Ltd., Computer Department, 
West Gorton, Manchester 12 or London 
Computer Centre, 21 Portland Place, 
London W.1. 


The Ferranti Pegasus Computer 


installed at the London Computer 
Centre, 21 Portland Place, W.1. 





LTD - WEST GORTON - MANCHESTER 12 ££ 
London Computer Centre : 21 Portland Place, W.1. FeRRANT! 
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Carbonitriding 





Gas carburising 








Bright hardening 
Clean normalising 


Carbon restoration 





Versatility and operating 





economy are primary attributes 
of the newly developed 

Birlec sealed quench furnace 
which is available in three 
standard sizes capable of 
handling loads averaging 200 lb., 
650 Ib., and 1,400 Ib. Operating 
with a controlled atmosphere 


circulated by a powerful fan, 





the furnace ensures uniform 





batch results and adequate 


Carbonitriding components at quenching without oxidation. 


C. & J. Hampton Limited. Compact, robust, and with 


built-in quench tank, it eliminates 
; ee ae the need for extensive 
Full details are given in our Publication No. 90/3. 


: ee ' foundation pits and charge 
copies of which are available on request. P 8 
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Illustrated 
1” — 6 Bar Machine 
Cycle times 2 — 133 secs. 


Spindle speeds 247 - 3030 r.p.m. 





1/32" 
| Range 


Brass 1.99 seconds 2 pieces 





Bar Machines manufactured up 
to 3)” capacity; Chucking 
p— 5a Machines up to 9” capacity. 
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In factory space utilisation there are few metal- 


— — ad working machines rivalling the multi-spindle automatic 
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What is Meant by Practical Training ? 


An Address to the Meeting of the Institution’s Council on 25th October, 1956, 
by Sir WALTER PUCKEY, M.1.Prod.E., F.I.1.A., 


Past-President of the Institution. 


SHOULD like to preface my brief comments on practical training by referring to the 
Hives Council, on which I represent the Institution. At a previous Council meeting, I 
gave you a very brief working report cn it. 


The basic reason for setting up the National Council for Technological Awards was that 
a tremendous sum of money, running into scores of millions of pounds, would be spent on 
technical education. With the tremendous growth of almost all the colleges, it was felt that 
we should try to get a higher concept of technical education, and a higher award which 
would perhaps be at the peak of all this activity, so that something bigger and better might 
be achieved through the practical machinery on which so much money was being spent. 


It was thought that if we could devise an award which would have a national status, 
and be in its own way equivalent to a high university degree, but which would be operated 
through the technical colleges, we should in the long run bring technical college education 
and achievement up to the equivalent of our best universities, with the advantage that the 
form of education and training would be slightly different, to meet the new industrial age of 
the future, and that a far greater number of people would be attracted to that sphere, to 
reach towards higher things. 


In working this out, a number of difficulties have confronted the Council. I was nominated 
as a representative of this Institution on the Council, and before I had been on it for more 
than two hours I found myself appointed as Chairman of the Board of Studies in Engineer- 
ing. It is a difficult assignment and takes up a great deal of time. 


Organisation of National Council for Technological Awards 


Broadly, the organisation of the Council takes this form. ‘The Chairman is Lord Hives, 
and below the Council are two Boards of Studies: the Board of Studies in Engineering, of 
which I am Chairman, which comprises a number of university professors, technical college 
principals, members of the Ministry and other interested parties; and the Board of Studies 
in Technologies other than Engineering, which has a membership of a similar nature but 
comprises a variety of other important studies. 


One of the very important things which we set out to decide was what should be the 
status of the qualification and the title of the award which we would put at the peak of this 
great technical college activity. Finally, it resolved itself into two simple terms: the Diploma 
in Technology and, for engineers, the Diploma in Technology (Eng.). 


The standing of the two awards themselves has been laid down as broadly corresponding 
to honours degree standard in universities. In order to achieve this, many technical colleges 
will have to increase their standards of teaching and facilities, and broaden their outlook 
considerably. The chances are that we shall not be satisfied with the present facilities, or with 
the immediately-foreseeable facilities, of quite a number of colleges. 
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I say this deliberately, because it is our basic intention that this award shall be some- 
thing new. It must be fought for. It is not simply an alternative to a Higher National 
Certificate or Diploma, or even to the B.Sc.Lond. external. It is compounded of some new 
requirements, and when it is awarded, it must be on the basis that it represents a new high 
standard in the technical college field, which has never yet been reached by technical col- 
leges generally in this country. We are not just talking of “the mixture as before”, with a 
new label on the bottle. I am afraid that a few shocks are going to be given to the princi- 
pals and staffs of some of our colleges when they hear our reactions to their applications 
for the approval of certain courses which are now reaching the National Council. 


The Council’s approval of the colleges themselves will be on an individual basis. Each 
college will be looked at in its own right — or wrong; frequently the latter for the moment! 
and the college itself will be approved, quite apart from the individual courses. Numbers 
of courses are being provided in various specialities, leading to the Dip.Tech.(Eng.), in which 
certain variations may occur within engineering itself. When we come to the Dip.Tech. in 
other than engineering technologies, the courses may vary a good deal, but as a basis for 
approving any one course we must approve the college itself, because the background and 
facilities of the college are very important to bear in mind. , 





Turning to the practical requirements of the Dip.Tech. course, leading to the conferment 
of the Dip.Tech. on a student, we have laid down certain basic rules. They are reasonably 
flexible, but they are basic. We have not insisted that there shall be a sandwich course, 
popular though such courses are at present. The achievement of a Dip.Tech. award may be 
through the medium of full-time courses, although we prefer sandwich courses. We have laid 
down certain minimum times in terms of years for these courses, and it will not be possible 
to jump in from other courses without stringent examination of the courses. We have laid 
down a certain minimum standard of entry, which is much higher than the standard of entry 
which we normally find for the majority of college courses. 


We have not laid it down that there shall be only one standard or channel of entry. We 
realise that there are many chaps who have done very well in industry and who may have 
gone as far as the H.N.C., and college principals may find it desirable to consider them for 
this new course. On the other hand, we realise that today, or rather tomorrow, we have to 
attract a far greater number of promising young fellows from our grammar schools and schools 
of that type to come into the field of technology. If we look at total numbers and compare 
ourselves with other countries, we realise that we have to tackle new sources of entry in much 
greater numbers to satisfy the demand for the technologists of the future. We are expecting, 
therefore, that the biggest entry will not necessarily come from those who have a high pass in 
the O.N.C., but from those who have a high G.C.E. rating and have come to a company — 
generally it will be based on a company —from the grammar schools or a similar type of 
previous education. It is in that field that we believe that our greatest hope lies, if we are 
to get the required numbers. 


The Problem of Practical Training 


One of the big problems which we face, and which we have not begun to understand 
properly yet, is this problem of practical training. In passing, I may mention that in setting 
up this new award, we envisage getting out of it a slightly different sort of man from the 
one who normally graduates from university. If I can put it in precise words, which is very 
difficult, | would say that we are trying to get a greater number of men who can develop and 
produce things well, as distinct from those who may be of more value in the research sphere 
and who may end up in a greater number of back rooms. We want to develop men who have 
a sound appreciation of technological principles and yet have the ability to apply those 
principles to a greater degree than, generally speaking, we have done so far. 


We consider that, by and large, the facilities in this country for “ back room” education 
and training are good, but the facilities for training a greater number of young men who will 
one day become executive managers of industry are not so good. It is towards that second 
sphere that we hope the greater number of Dip.Tech. men will progress. 


io We have therefore to consider, to a much greater extent than in the case of the univer- 
sities, this blend of theory and practice, the facility to understand principles and the facility 
to do something more effective about them. Practical training, therefore, is an essential feature 
of the Dip.Tech. award and of the syllabuses leading to it. 


_ What is practical training? We have laid down that there shall be a certain minimum 
time, but we are getting to the stage when we want to be even more precise about the ways 
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and means of assessing practical training so far as the Dip.Tech. award is concerned. The 
ability to devise a syllabus in which theory is taught is one thing, but the ability to equate 
that to the practical demonstration of that theory is something about which we have much 
to learn. 


The practical training of an engineer is quite a different sort of thing from the practical 
training of a teacher or a chemist and it varies considerably with different technologies. From 
our point of view we are today talking about this as engineers, as people in industry, as man- 
agers in industry. 


Many years ago I likened the production engineer to somebody who was present at the 
birth of a third dimension, somebody who sees the plan laid out in front of him and translates 
it into something concrete which finally is available for work, something in which the hand- 
ling and fabrication of the physical components by people is an essential part of the operation; 
it is complementary to the theoretical exercise which either precedes it or possibly is part of 
it. 


The Two Essential Ingredients 


To the production engineer, practical training obviously means at least two essential 
things. It means having a personal, working contact with productive machines, and a _ per- 
sonal, working contact with those who operate the productive machines. Here are the two 
ingredients of the production engineer’s approach to practical training: machines and men. 
They are also essential ingredients to bear in mind in the Dip.Tech. courses of the future. 


This so-called practical knowledge, this personal knowledge of the operation and_be- 
haviour of machines and men, is not merely an essential part of the production engineer’s 
job; more and more people are in fact being called on to have a greater amount of that sort 
of knowledge. For example, the technologist, the man in the design office, who designs for 
production-— and more and more he is supposed to design for production — must obviously 
have a knowledge of production in order to design for it; so that this so-called practical know- 
ledge must be possessed today to a much greater extent than before by those concerned with 
design. Again, the general manager or managing director, who controls both planning and 
performance, must have knowledge not only of the’ planning function, the background func- 
tion, but also of the performance function, the so-called practical side of the picture; and, 
as to an ever greater extent performance is linked with planning, obviously this need for 
practical knowledge, in the sense that you and I talk about it, is being felt not only for 
production engineers but for many other people, including those whose ranks the production 
engineer will join when he gets on in life, the senior managers. 


As far as our Institution is concerned, over the years we have taken a very considerable 
interest in practical experience. Our Education Committee has rightly been extremely cautious 
and careful about it. We have insisted that this so-called practical experience is an essential 
part of the production engineer’s outlook and requirements. I think that we are right to 
assume that practical knowledge is an essential ingredient of our job. We have achieved, 
I think for the better, the status which we have today, where we are regarded as an Institu- 
tion which has great practical knowledge, but which at the same time is increasingly looking 
towards the principles which will enable us to operate our practice more effectively. 


I wonder whether this Institution has resolved, in the light of the new circumstances, the 
problem of what is the right amount of practical knowledge, what indeed is the right practical 
knowledge ? Many things are changing rapidly today and are forcing us to look at our so-called 
practical content very critically indeed. For example, practice itself is becoming very much 
more specialised. The ability to operate certain machines and to go through a regular 
apprenticeship was much more simple yesterday than it is today, or than it will be tomorrow. 
If we think of all the technologies in which we are interested today, and even which are 
represented in this Council Chamber, we realise that practice in itself is a very considerable 
thing. It is so wide that we have to specialise to a much greater extent than ever before. 
Have we laid down the right sort of practice to prepare our young men for the very wide 
spheres of technology which exist today? 


Increasing Demands on Education 

Again, the educational years themselves are increasing, and the demands on education are 
increasing. If we look at the syllabuses of many of our colleges, we find increasingly that they 
are called on to bring in things which were not realised a few years ago, to such an extent that 
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it is much more difficult than before to allow enough time for what we consider the essential 
basic practices to be injected into the regular education of our young men. We should like 
to feel that they are able to get to work before they are 50, but at the present time the 
tendency is for so many other things to be put in that some things simply have to be squeezed 
out. Various subjects are coming in which make a bigger and bigger demand on time and which 
could extend logically almost to any length, certainly well beyond the formal educational 
period. 


Then again, theory is becoming more difficult. I am not talking only about the more 
general subjects, such as industrial administration and a whole variety of liberal subjects, 
including report writing and English, but the technical theory. For example, in electrical 
engineering entirely new subjects are coming in, such as mathematical and control problems, 
and in the field of nuclear energy an entirely new set of possibilities arise. | Whatever 
technology you take — electrical, chemical or any other — the theory is becoming more and 
more difficult to understand and the basic principles are taking longer to put over. 


The effect of this is, in the first place to make our training problems more complex and, 
secondly, for them to take up more time. There may be a tendency for the so-called practical 
training to be cut down, for much more theory to be taught, of necessity, and for practice, 
if an overall time limit is imposed, to be squeezed out on the assumption that it is going to 
be done at some later date ; in fact it may not be done at all. We face the dilemma that we 
want more and more people who are able to understand the practical side, but find that so 
many more things are being imposed on us that the practical experience is likely to be squeezed 
out and be taken at some later date, or perhaps never. 


This difficulty confronts the National Council for Technological Awards. We have, as 
I told you, created this award to encourage the more effective education and training of a 
greater number of men who can translate theory more effectively into practice, having some 
knowledge of both theory and practice. One possible solution may be the sandwich course, 
if this will give us the right sort of combination. 


What is a Sandwich Course ? 

Sandwich courses, as you know, are not new. ‘The evidence shows that all over the 
country greater numbers of sandwich courses are now being planned. What is a sandwich 
course ? Which is the meat and which is the bread ? How long should it be ? There are 
various problems arising which it would be interesting to discuss with you, and on which I shall 
be glad to have your views ; we have laid it down that, by and large, in a sandwich course 
the time spent on the practical training side should be roughly equivalent to the time spent 
on the theoretical side. To quote an example, one college has a five-year course, in which 
two-and-a-half years (in six monthly periods) approximately, are spent in the works — one 
works or another — on some aspect of practical training, the other two-and-a-half years 
being spent in the college on a variety of aspects of theoretical training or the development of 
principles. 

A number of questions emerge from such a sandwich course which I think have a general 
application. The Delft Report, which you considered this morning, raises a number of these 
questions, but it has been pointed out that it deals with university students, and should not 
be equated too closely with the Dip.Tech award or with practical training in the context in 
which I have been considering it here. On the Continent, what may be called the practical 
disposition of the training, is in my view, generally nearer the Dip.Tech. than the practice of 
the universities in this country, so that the universities here are in a slightly different category 
and are set up in a different way from those that I know on the Continent. If we may assume 
that many of the comments in the Delft Report are valuable in relation to the problem which 
we are considering, we will leave the Delft Report on one side for the moment. 


My questions to you are these :- 


1. Do we consider that a sandwich course is the most effective course to train a greater 
number of the sort of people that we have in mind ? That is, those who know the theory 
and the principles and who have the ability to translate them effectively into practice ? 


2. Do we consider that the 50/50 basis which most colleges seem to regard as desirable 


and are planning to achieve is, in fact, the desirable split as between the theory and the 
practice ? 


3. Do we consider that the minimum period of four years which we have laid down is, in 
fact, a desirable period ? Is something less than that regarded as possible, or would you 
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agree with some people that preferably we should consider the minimum time in which 
the Dip.Tech. can be achieved is five years ? I refer to five years on a sandwich course 
basis. 


Should the students be based upon industry before they go in for the course, or on the 
college ? I want to explain that more fully. In most cases it is felt that it would be 
desirable for young men who have achieved a certain standard in the G.C.E. and come 
from, say, grammar schools to be taken on by a company. In such instances, they are 
regarded as members of that company, and the company may regard it as essential that 
they should be released for a full-time, four-year, or five-year sandwich course leading to 
the Dip.Tech. In other words, the company assumes the basic responsibility for engaging 
them and paying them an appropriate amount, which can vary, during the whole of that 
time, and will receive them back in a sandwich course for appropriate practical periods. Is 
that considered to be desirable, and is industry generally prepared to take on a greater 
number of these young men and thereafter to release them and pay for them for this 
length of time, leading up to this award ? 


This is one of the most important questions of all. If it is accepted as desirable to have 
industry-based students who would be released for this course, would it be desirable for 
the responsibility for the complete training, for the full four of five years, to lie basically 
with the college ? To what extent is the college able to have, and to what extent is it 
desirable that the college should have, any impact on the two-and-a-half years spent in 
the factories in the six-monthly periods there ? This I regard as one of the biggest 
problems which we have to face. 


One of the ways in which the colleges are thinking that it may be desirable to 
develop the education leading to the Dip.Tech. award is the creation of a greater number 
of what may be called projects. A project is not a new thing to enlightened educationalists. 
I was talking only a few days ago to Professor Burstall, of Durham University, and he 
told me about some of the projects which he gives their B.Sc. students to do. The 
possibilities are very wide. They are a practical demonstration of a man’s ability to 
understand his principles and to apply them to some particular thing. The project 
concept is going to be used increasingly by the colleges in order to get the right blend 
of theory and practice. 


It is possible that the college project will overlap into the six months period in industry, 
particularly in the last period of the scheme. How, then, can the project be arranged by 
the college if the college is not prepared to take, or if the company is not prepared to 
allow the college to take, the most intimate interest in the progress of the student in the 
works ? 


There are a few companies which have a very close understanding with the colleges. 
In the case of one college, for example, “homework”, in the sense of correspondence 
courses, is set weekly or fortnightly by the college, and the student during his six months 
in the works is expected to carry on this correspondence course. In my experience, 
however, the average college principal is frightened of this problem of contact with 
industry. He believes that he has a limited capacity to understand what is going on in 
industry once the student has gone back there, and that generally the industrialist will 
say “ Mind your own business” and that he, the principal, is not fit or able to carry out 
the right degree of supervision once the student is back in the works. 


Integration of Practice and Theory 


At the same time, we must realise that it is the integration of the practice and the 
theory which is important, and they cannot be looked on as separate bits of the sandwich 
or as being separated by a curtain, one from the other. The project is an example where 
the integration must be made complete by the very nature of the studies going on, and 
where the overlap must be an overlap in the true sense of the word. Yet how many 
managers in industry are prepared to let the college have the responsibilty over the five 
years ? Will they say: “ While he is back in the works I must be given perfect freedom 
to put him on any job I like, and when he is with me I have to get the most out of him, 
whatever job comes up” ? My experience of college principals is that by and large they 
do not feel confident of their ability to control the student during his works-based period. 


Is industry capable of training and willing to train more intensively during the industrial 
period ? Now that we have created this higher award, industry must raise its own sights 
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to fall in line with what we are creating and sponsoring. If the National Council is 
prepared to go to the existing colleges, on which you rely, and which may have a good 
name in your locality, and say to them, as we are doing in some cases, “ We are sorry, but 
we do not think that you are good enough for this”, is it not a logical conclusion that we 
should go to the companies which surround such a college and possibly be forced to say : 
“We are sorry, but you are not good enough for what you want” ? I think that that is 
a logical conclusion, because we must regard the course as a complete period of training, 
and not as two entirely separate courses, the theoretical and the practical. 

Is industry, therefore, prepared to raise its own sights and improve its own training 
facilities and efforts to the degree that the Hives Council demands from the colleges ? 
I do not know; I leave the question to you. 


If industry is prepared to do that, what are the lines on which industry is prepared to do 
it ? What are the essential elements of industrial activity during the six months for which 
the student goes back to the factory? Many of us here served an apprenticeship. I am 
prepared to say a good deal about my own apprenticeship. I was very lucky in some 
ways in my teachers, but I am prepared to say definitely that much of the period that 
many apprentices spend is not apprenticeship in the true sense of learning effectively 
along the lines of what the Council has in mind. 


What are we prepared to do about it ? How can we get industry to raise its sights ? 
What is practical training, in the sense of going back to the works ? What do we mean 
by it ? What sort of organisation is there in the companies for taking care of it ? What 
understanding of the theoretical work being done is present in the minds of those who 
control the apprentice when he is back on the job ? What are the essential ingredients 
of practical training ? 


I have asked this series of questions, but I do not know many of the answers. I know the 
questions, and I have found very few people prepared to say in clear language “ These are 
the answers that you should seek ”’. 


The Greatest Single Problem 


There is one other thing which worries me, and here I come right back to our Institution. 
I am your representative on the National Council. I think that | can state with fair emphasis 
that so far relatively few of us on the National Council have a clear idea of the training of 
the production engineer. Increasingly, however, that knowledge is becoming available and 
acceptable, and increasingly we shall get numbers of the chaps who come through this 
Dip.Tech. course and, who will be a credit to this Institution in the years that lie ahead. 1 
am prepared to guess that a greater proportion of the Dip.Tech. award people in the next 
10 years will become members of this Institution than of almost any other. Yet at the 
present time, if we bear in mind the requirements of production engineering and the things 
that have to be taught to these students, and if we bear in mind the composition of the staff 
of the various colleges, we shall find that the production quantum is lamentably low. 


Let me take the example of a college which I visited recently, which is not very 
different from others. We went through the list of staff, bearing in mind that the staff 
have to be qualified in a variety of ways before we approve the college. When I looked at 
the number of those who had professional knowledge of production engineering, and of all 
the requirements which we regard as important, I was appalled. We know very well that the 
answer at the moment is: “ We cannot get them. We cannot attract enough men with these 
abilities. We can get the man who has been through a university, but his knowledge of the 
requirements of the production and managerial future is very small indeed, and so we put 
up with people who have very little experience in these matters”. Many of the so-called 
production subjects in colleges are taught by people on the commercial and economic side. 


What are we going to do about this? I believe that this is one of the biggest single 
problems which we face, to encourage a greater amount of teaching talent with an under- 
standing of production and of the essential requirements of the Dip.Tech. course. At the 
present time in the colleges of this country there is a lamentable shortage of that sort of 
person. How we can achieve all the things which I have said that we are trying to achieve in 
the Dip.Tech. courses ; how the colleges themselves can achieve and maintain this difference 
in the Dip.Tech. course which will distinguish it from anything else, without having a much 
more adequate number of teachers who have the sort of knowledge which we in this room 
possess, I do not know, and that is my final question to you. 
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THE HOT FORMING, ASSEMBLING 
AND SERVICE APPLICATIONS OF 


MAGNESIUM ALLOYS 


by R. G. WILKINSON, B.Sc. 





IHE Institute of Metals has recently published a 
detailed review(') by the Author of the principles 
and practice of hot forming magnesium alloys. In 
the present Paper it has therefore seemed desirable 
-and appropriate to the spirit of this Conference — 
to attempt a brief survey of those main points of the 
subject which directly concern production and design 
engineers in the aeronautical and related fields, and 
which — it is hoped — may be in some cases of con- 
troversial interest. In particular, the Paper is intended 
to evoke expert discussion on a broad question which 
is naturally of some importance to the producer 
industry in its future planning and which, in their 
view, is of at least equal importance for consideration 
by their friends here. 

The question is this : 

Why is the proportionate usage of wrought to 
cast magnesium alloys in airframes, related equip- 
ment and guided weapons so much higher in the 
U.S.A. than in the U.K.? 

In the U.K., wrought magnesium products have 
always averaged less than 10°/, of total output for 
engineering purposes. In the U.S., the proportion 
has been around 30°/, over the last few years and 
approached 50°/, in 1950—a “ Korean” peak in 
part due to extensive production of the Consolidated 
Vultee B-36 aircraft, each of which carries some 
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7,500 lb. of magnesium sheet (Fig. 1). It is true that 
the Americans use more wrought magnesium for 
general engineering purposes than we do, but obviously 
this factor can account for only some part of the 
contrast and we must look elsewhere for the govern- 
ing reasons. 

The U.S. aircraft industry is very large and has 
had more scope for experiment with relatively new 
materials or material forms, and this has encouraged 
enterprise and investment in the producer industries. 
The Dow Chemical Company and Brooks and Perkins 
Incorporated have led the field for many years in 
wrought magnesium fabrication development and in 
plant and personnel facilities for design, prototypes 
and production of sub-assemblies, as well as demon- 
stration to aircraft companies wishing to do the work 
in their own shops. This is a “chicken or the egg” 
story in which the American “ egg” has been hatched 
into a low-priced “ bird”, i.e., magnesium alloy sheet 
and extrusions have been produced in quantities much 
larger than here, and at correspondingly lower prices. 
This sheer scale effect has obviously had an important 
influence over the years in adjusting the proportion 
of wrought to cast products in America, but there 
must be other underlying considerations. 

There are now firm signs in Britain that more 
attention is being paid to the potentialities of 
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Fig. 1. A total of 7,500 Ib. of magnesium alloy sheet is 


“simplicating and adding more lightness’ by using 
wrought magnesium. However, one can rarely get 
something for nothing and this Paper will be an 
attempt to summarise the main pros and cons so that 
discussion may help to define the right “ philosophy ” 
of using wrought magnesium. With this in view, it 
will be useful to look at some aspects of assembly and 
surface protection methods, design factors and current 
applications, as well as the main theme of hot forming. 

Detail will be avoided in favour of brief statements 
and illustrations of essentials -— either way — with 
implied questions. 


I 
HOT FORMING 


The following is a quotation from Reference (1) : 
“Since all commercially available* magnesium 
alloys have a close-packed hexagonal crystal lattice, 
their capacity for cold deformation is limited. 
According to classical theory, above about 225°C. 
additional lattice slip planes become available for 
plastic deformation, and even below this tempera- 
ture formability is improved. Thus, in producing 





Excluding certain magnesium-lithium alloys, which are 
body-centred cubic in structure. 


WING TIP - TOP AND BOTTOM 
AILERON LEADING EDGE SKIN 


used on the Consolidated Vultee B.36 bomber. 


severely formed sheet and extrusions, it is necessary 
to work hot, generally at temperatures between 
230° and 350°C. This naturally involves provision 
of heating equipment for the material and tools, 
with attendant cost and some inconvenience. But 
once equipped for hot working and experienced in 
operations on magnesium alloys, the manufacturer 
gains important advantages as compared with cold 
forming other metals : 


1. In most cases substantially greater deformation 
can be effected in one operation than is the case 
for other metals at normal temperature, thus 
avoiding additional tools and/or inter-annealing 
and forming operations. 


2. Power requirements are reduced, so that a 
given shape can be made on a lower-capacity press, 
or a more difficult job can be made on a given 
press. 


3. Because springback is reduced as forming 
temperatures are increased — becoming almost 
zero at the higher temperatures — dimensional 
accuracy is more easily attained. 


4. It is often possible to control dimensions by 
suitable adjustment of temperature of tools and 
stock. 
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“Some magnesium forming operations can be 
satisfactorily completed in the cold, but these are 
limited to simple bending or shaping over (mainly 
uniaxial) contours of generous radii. However, it 
must be emphasized that the formability of heated 
magnesium alloys is very good, being at least as 
good as, and by some criteria better than, that of 
L70 aluminium alloy at room temperature. It is 
usually not difficult or very costly to provide heat- 
ing on standard forming equipment, and in hand- 
forming, once operators have acquired the “ feel ” 
of the material under open-flame (e.g., blow-torch) 
heating, they often prefer to work hot for ease of 
forming, absence of springback, and freedom from 
cracking.” 


1. Effect of Preheating on Mechanical 
Properties 


Magnesium alloy sheet derives much of its strength 
from “cold working” in the rolling operation; it is 
not heat treatable in the aluminium alloy sense. 
Therefore, preheating before forming naturally acts 
to some extent as a “letting-down” anneal. Fig. 2 
shows the effect for the half hard magnesium-3°/ 
zinc-0.7°/, zirconium alloy ZW3 (D.T.D. 626A) and 
for American hard rolled magnesium-3°/, aluminium- 
1°/, zinc FSI-H. 24. The superiority of the zirconium- 
containing alloy will be evident, since the “ residual ” 
properties are higher. The curves apply to 30 min. 
preheating time at temperatures up to 400°C. Typical 
practice is to preheat for up to 15 min. at about 
300°C. 

In the shop, avoidance of conventional heat treat- 
ment as for aluminium to some extent mitigates the 
need to preheat magnesium for forming. 


2. Preforming Operations 
(a) Condition and Storage of Sheet 


If hot forming is to be severe —e.g., as in deep 
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Variation in mechanical’ properties of 


Fig. 2. 
18 s.w.g. sheet in ZW3 alloy after annealing for 30 min. 
at temperatures up to 400°C. The dotted lines are for 


FS 1-H 24 sheet under the same conditions. 


drawing —the sheet should be purchased in the 
unchromated condition since the graphitic lubricant 
normally used in such cases is difficult to remove 
from a chromated surface. 

Because unprotected magnesium is susceptible to 
corrosion in contaminating environments (e.g., liquors 
from brown paper or wood, acid-salt-laden dust, 
cathodic particles in stagnant aqueous media), storage 
of sheet should be under good conditions as for other 
metals. 


(b) Cutting of Sheet or Blank Preparation 


Guillotine cutting up to 0.080” is entirely satis- 
factory, but for thicker material routing is essential 
for best results in avoiding a rough, flaky edge. Similar 
limitations apply to punching and blanking. Of 
course, if a trimming operation can be carried out by 
routing after forming, these limitations do not apply. 

There are special recommendations for shearing, 
punching or blanking tool design which will give 
greater latitude with magnesium and which will per- 
mit working up to 0.160” thickness. 

Fixed-head or radial-arm routers can be operated 
up to speeds of at least 20,000 r.p.m. and will cut 
single or stacked sheet thicknesses of up to 7%,” with- 
out burr. Heavy plate should be sawn. 

It is well-known that magnesium “ fines” can be a 
fire hazard, and the precautions in tool design and 
good-housekeeping need not be detailed. 


(c) Preheating 


For hand forming, gas-torch heating of sheet in 
situ with tools is normal, with control by temperature- 
indicating crayons or other convenient means. 

For flat blanks, a gas or electric platen heater is 
quickest and best. Where shapes have to be pre- 
heated a gas or electric oven is necessary and should 
be mounted on wheels for flexibility. 
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There is no oxidation or firing problem, because 
preheating temperatures rarely exceed 370°C. 

In certain forming operations, resistance heating 1s 
used. 


(d) Tools 

The main point here is that the most economic tool 
material capable of withstanding temperatures of 
around 300°C. should be used, having regard to the 
length of run. Table I shows the normal materials 
and, although the Table does not perhaps bring out 
the point, it should be emphasised that for small/ 
medium quantities off, the use of magnesium alloy 
tools can show dividends. 

For heavy-duty work over a long period, magnesium 
does not possess the requisite wear resistance and it 
is then usual to adopt a steel, but for the quantities 
customary in the British aircraft industry there can 
be little doubt that magnesium can be used in many 
cases. 

The outstanding machinability of magnesium helps 
to speed tool manufacture and to minimise costs. 
Also, it is obviously of advantage in relation to 
differential expansion to use a tool of the same 
material as the work because no expansion /contraction 
factors need be allowed. 


(e) Forming Lubricants 


It can be taken as a general rule—to date—that 
a graphitic lubricant is required for severe work and 
that this will be difficult to remove after forming. 
Removal depends essentially upon use of a chromic 
acid solution which has a definite nuisance value. 

However, for more usual forming operations in the 
aircraft industry it is normal to use waxes or high- 
temperature oils at temperatures up to 300°C. These 
are more easily removed. 


Lubricants have been included in this section 
because it is sometimes necessary to pretreat a blank 
with lubricant before it enters the machine. 


3. Forming 


It is now well established, with few exceptions, 
that if the operative will once accustom himself to 
work hot he will be able to achieve with magnesium 
that which he does every day with aluminium. And 
he can often achieve more severe deformations in 
single operations. 

Cold forming should only be considered for large- 
radius (uniaxial) bending, e.g., for bending roll work. 
But beware of springback or cold cracking if the 
radius is marginal, i.e., 5/10T. 

It would be a duplication to deal here in detail 
with all the various conventional machine forming 
operations as applied to magnesium. The Author 
hopes that it may suffice for him to repeat, and to 
show by some examples, that once work and tool 
heating have been laid on, anything which can be 
done with aluminium cold, or more, can usually be 
done with magnesium. If an operative is working 
with a cold metal, he knows when to stop. It is the 
same with hot magnesium. It is true that if the 
operative starts to “feel” the metal stiff, he must 
apply, or ask for, some more heat from the blow-torch, 
and to this extent he is at a disadvantage from his 
colleague working a cold metal. But that colleague 
may have to send his work-piece back to the 
annealing oven for some time before he can resume 
forming, whereas the magnesium man can “ turn on 
the heat” and finish the job on time. 

It cannot be too strongly emphasised what flexibility 
of operation is conduced by the use of heat. 

As yet, in the U.K., there are not very large pro- 
duction quantities of the articles dealt with in this 


TABLE I 


Tool Materials for Forming Magnesium Alloys 





Tool Material 


Remarks 





Tool Steels 
Chromiuin-plated or nitrided steels 
Meehanite cast iron 


All relatively costly and used only for longest runs. 

Good in diminishing pick-up. 

Good in reducing cost of machining and _ polishing 
the dies. 





Mild Steel 


The usual material for pressure plates and draw 
rings, and sometimes for punches. Must be stress- 
relieved for one hour at 650°C. and air-cooled 
before finish-machining to avoid distortion in 
service. 





Aluminium alloy 
Magnesium alloy 


Cast iron With steel, the usual materials for punches. 
Magnesium usually best because of easy machin- 
ability, lightness for handling, and no differential 


expansion ; very good for rubber-press tools. 





Kirksite (high-purity zinc-base alloy 
containing aluminium and copper) 


Often used for stretch-forming blocks and for short- 
run female dies in drop-hammer work. Tends to 
soften and spread in service. 





Antimonial lead 


Only used for drop-hammer punches. 





Concrete 
Plaster 








Sometimes used for stretch-forming blocks protected 
by glass-fibre cloth. 
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Fig. 3. Typical die set-up for hot drawing magnesium 
alloy sheet (after Winkler). Key : A—main ram ; 
B—thermocouple connections ; C—gas burner pipe ; 
D—pressure pins to clamp rams ; E—male die ; 
F—pipe-ring burner; G—pressure ring; H—polished 
surfaces; J—draw ring; K—pbolster plate. 


(Courtesy American Society for Metals) 


Paper and, therefore, a good deal of hand work is 
used. If, for example, a deep box is required, then 
this is made by cutting, hand bending over a 
magnesium form block and Argonarc welding sheet, 
with the design radii based on later potential produc- 
tion on the deep-drawing press. 

It has been indicated that there is an ultimate 
limit of 5T for cold bending and that 10T is more 
usual. These are 90° values. The corresponding 
figures for hot working are 1T — 4T for the materials 
produced in this country. (For hard rolled material 
in the U.S.A. these figures are roughly doubled.) 

Sheet-bending roll work requires no comment, and 
press-braking of magnesium presents no difficulty, 
using steel male and female dies or a steel male die 
dropping into rubber contained in a U-shaped lower 
die. In the former case both dies are heated, and in 
the latter only the upper tool. Electrical-strip heaters 
are ideal for die heating, preferably in conjunction 
with automatic temperature control. For long bends 
it is helpful to use hot sheet with cold tools, and to 
allow the bend to dwell in the tools to achieve stable 
desired shape. 


228 


It may be useful now to comment on the effect 
of varying forming speed. The average press brake 
is of relatively quick action (30-40 strokes/min.), 
and this is perfectly satisfactory for magnesium with 
a 90° bending radius down to 1T. In general, how- 
ever, even more severe deformation can be effected 
at slower speeds ; e.g., at 320°C. and with a closing 
speed of 1”/min., annealed sheet can be bent and 
flattened through 180° with no radius and no 
cracking. This is an extreme example, but indicates 
what can be done with an hydraulic press with speeds 
of up to 4'/min. 

In stretch forming, which is essentially a tensional 
process, operating temperatures of 130°C. - 180°C. 
are used in the interests of adequate tensile strength 
to avoid excessive elongation and fracture. Even at 
these relatively low temperatures, however, differential 
stretch values of up to 15°% are obtainable with 
excellent contour control and no springback for con- 
vex contours of 20’ radius or less. The use of 
fibre-glass blanket between the sheet and the form 
block (usually Kirksite), with a little differential lubri- 
cation with mineral oil, has been found beneficial. 
The form block should be heated internally by 
electrical elements, and friction-type grips are 
necessary. 

Fielding has recently given a detailed account (2) 
of the rubber pressing of magnesium, and _ the 
following is a quotation of his conclusion : 

‘Although the deformation possible with magnesium 
alloys is very limited at room temperature, the 
situation is completely changed if the blank and 
dies are heated to 300°C. When pressed hot, 
magnesium alloys may be subjected to extreme 
deformation without the appearance of undesirable 
effects. Where stretching is involved on concave 
flanges, or flanged holes, magnesium alloys will take 
much more deformation than aluminium alloys. 
In addition, the components produced are of exactly 
the required shape and are not distorted in any 
way, as is often the case with aluminium alloys at 
high percentage deformation. As regards shrinking, 
magnesium alloys again compare very favourably 
with aluminium alloys, and appreciably more 
working is possible before the onset of wrinkling 
Hot pressing is, however, more expensive, more 
complicated, and requires a rather higher class of 
labour.” 

Permissible design deformations are :- 

Flange radii: 2-5T minimum, according to 
temperature, gauge, and difficulty of job. 

Stretch flanges: commonly 25°/, maximum, but 
often higher and at least 57°/ on full-circle 
flanges. 

Shrink flanges: 3°/-5°/ without reliefs, the 
higher with higher temperature and _ thicker 
sheet. 

Beads: for internal beads the minimum width: 
height ratio is 4; external beads are easier. 

Hydraulic pressures of 800-1,200 Ib./in.? are usual : 
magnesium form blocks are very satisfactory, heated 
either in situ or separately together with the sheet ; 
but special rubbers which do not deteriorate too 
rapidly at operating temperatures have to be used, 
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Fig. 4. Single stroke deep drawing 
operation on magnesium alloy sheet. 


either for the whole pad or as a 1” blanket shielding 

the normal rubber from the hot work. , 
Figs. 3-5 give an indication of the practice and 

possibilities of magnesium deep drawing, its capacity 

for which is exceptional. Single draws to a depth 

of three to four times that for cold steel or aluminium 

can be made. Design data are :- 

4T -7T 

3T min. - 10T 


Draw-ring radius 
Punch-bottom radius 
Drawability for cylindrical cups 


Blank dia. - Cup dia. 





0.7 max. 
Blank dia. 
Depth : dia. ratio for cylindri- 
cal cups... ; 2 max. 


For rectangular boxes, depth should preferably 

not exceed 12 times the corner radius. 

Hydraulic presses have been mainly used for die 
pressing or deep drawing, but recently mechanical 
presses with speeds in excess of 60’/min. have been 
found suitable provided they are fitted with die 
cushions. Indeed, in certain cases a quick-acting 
press is better in restricting cooling of the blank and 
in avoiding puckering. Drawing pressures are always 
lower than those required for aluminium. 

Hammer forming is an exception to the nearly 
general rule that hot magnesium can be deformed 
as severely, or more severely than, cold aluminium. 
Still, however, recent experience has shown that 
shallow, high area forms can be made by this process 
quite successfully, with fewer stages and reduced 
springback and shrinkage wrinking than for 170 
aluminium alloy. 

Fig. 6 shows a typical drop hammer magnesium 
component. 

All forms that can be spun cold in pure aluminium 
can be spun in magnesium at 250°C. - 350°C., with 
little difference in technique apart from heating which 
is usually by gas blow-torches. Magnesium formers 
are recommended for short runs. 








Fig. 5. Single stroke, deep drawn cover in magnesium 
alloy sheet, showing method of stiffening. 





Fig. 6. 
magnesium alloy component made on a drop hammer. 
(Courtesy ** Tool Engineer.”’ ) 


Inner skin for aircraft door, showing type of 
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For more detail, readers are advised to see Ref. (1) 
which includes an embracing Bibliography. 


II 
SURFACE PROTECTION AND ASSEMBLY 


It has been indicated that if there is an incentive 
to use a relatively unfamiliar material to “ sunplicate 
and add more lightness”, there are at least some 
dividends to be recovered by working hot. There are 
also nuisances in working hot, but we cannot often 
avoid certain nuisances in such circumstances. One 
of the troubles here is to tolerate yet another new 
material in the press and assembly shops. ‘The 
introduction of such a new material — together with 
the need for heating for forming — causes some 
temporary difficulty in establishing practices and 
inspection. But, it is submitted, this difficulty will be 
forgotten after a few months when the Company's 
aircraft or article of aircraft or airborne equipment 
has been shown to be lighter, stiffer and more efficient 
than that manufactured by its competitors. There 
is no plea here for magnesium to be adopted 
immediately for the primary structure of British air- 
craft. But there is a plea for magnesium to be tried 
experimentally for primary structure in the same way 
as has been successfully explored with the F-80C in 
America (Section III). Above all, there is a hope 
that this Conference will say why, or why not, the 
basic principles of using ultra light, weldable mag- 
nestum, should be applied more extensively for 
secondary or lightly stressed internal structures, 
together with airborne auxiliary equipment. 

It may be thought that the foregoing paragraphs 
would be better placed in the last Section of this 
Paper devoted to design and applications, and the 
basic principles will indeed be elaborated there. How- 
ever, the Author has found from experience that 
production engineers are reluctant to introduce new 
materials with “nuisance values” into their shops 
unless they are compelled to do so. He has, therefore, 
added these notes to ask them to look at some of 
the examples later and to add their voices to those of 
designers in advising the magnesium producing 
industry of the prospects of building more efficient 
aeroplanes or equipment by using more magnesium. 

Designers and production engineers will un- 
doubtedly wish to be satisfied that there is justification 
for introducing more magnesium. Wrought mag- 
nesium is more expensive than aluminium and _ its 
forming and assembly at present cost somewhat more. 
But the conclusions in the $.B.A.C. Document “ The 
Financial Aspect of Weight Saving” (3) are as 
follows : 

“It is safe to say that it is well worth spending 

£35 to save one pound in weight. This figure is 

almost invariably less than the weight saving is 
worth to an operator in two years (as has been 
shown), and it should be remembered that the 
aircraft will probably be in first line use for eight 
years. Such reasoning applies to a modern trans- 
port aircraft with comprehensive equipment. 
Clearly it would probably be economic to spend 
up to two or three hundred pounds per pound 
weight saved. What can actually be done depends 
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on how prohibitive the resulting increase in first 

cost appears to the aircraft operator. 

It is hoped that this report will serve as a useful 
guide to the amount of money it is worth spending 
to reduce the weight of any item. It should be 
noted, however, that the calculations have been 
made for a representative set of conditions and 
adjustments should be made for particular cases.” 
The S.B.A.C. comments, somewhat dryly, on weight 

saving in military aircraft : 

“The fact that only civil aircraft are dealt with 

here does not mean that weight saving on military 

types is any less important. The Society does 

not, however, presume to try and assess in £. 5. d. 

the value to the country of having aircraft of the 

highest performance.” 

Heinemann (4) quotes similar figures, and then 
comments : 

“From these figures it can be seen that there ts 

ample justification for the expenditure of engineer- 

ing time on all phases of a weight saving pro- 
gram, no matter how small the individual saving 
may seem.” 

The production engineer is asked to consider going 
out of his way to assure his company’s designers that 
he can cope with the introduction of some additional 
and, perhaps in a few cases, unfamiliar operations on 
magnesium. 


1. Surface Protection 


Magnesium has been used in aircraft for over 30 
years. Following progressive improvements in alloy 
purity and quality, as well as better understanding of 
design and assembly methods, it has a good service 
record, that is apart from some cases of malpractice 
and/or misapplication. However, operating conditions 
have now become more severe, especially in high 
flying, pressurised aircraft where inaccessible com- 
ponents often have to operate in wells of accumulated 
condensate. For military or economic reasons, modern 
civil or Service aircraft not only have to be as efficient 
as possible, but also have to need the minimum of 
inspection and maintenance. Guided weapons have 
to be capable of functioning after long periods of 
what may sometimes be storage in imperfect con- 
ditions. 

To meet this situation, new protective treatments 
and finishes have been introduced in the U.S.A. and 
the U.K. These supplement, or in some cases replace, 
the “classical ” chromating. 

The American processes are the H.A.E. (5) and 
CR-22 (6) (both developed by Frankfort Arsenal), and 
the Dow Chemical Co. No. 17 (7). All are electrolytic 
treatments and give relatively thick, porous films which 
can absorb waxes, lacquers, etc., for sealing purposes. 
The H.A.E. film is very hard and brittle ; it can 
spall badly and has a considerably adverse effect on 
the fatigue resistance of the metal. Nevertheless, a 
sizeable piece of American airborne equipment so 
protected has now been in satisfactory service for 
some years under conditions always involving inter- 
mittent drenching in sea water. No doubt field 
maintenance has been thorough. 
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In Britain, Magnesium Elektron Ltd. has intro- 
duced Fluoride Anodising and Surface Sealing, due to 
Higgins (8). The first treatment is completely 
effective in removing any cathodic impurities or con- 
taminants (e.g., iron), thus producing a thoroughly 
clean surface of maximum intrinsic corrosion 
resistance. Surface Sealing is applied after anodising 
and chromating, and depends upon the use of a 
stoved epoxy resin of particular characteristics which 
cause it to adhere to magnesium better than any 
other known substance, and also to possess a high 
degree of impermeability to water. The method of 
application is important, and it should be noted that 
to date — of all epoxy resins tested — only 
unadulterated Araldite 985E has been found to give 
standard results. 

These two M.E.L. processes are now finding en- 
couraging acceptance in the aircraft and other 
industries, and have been approved under D.T.D. 
911B of July, 1956. A new D.T.D. Specification is in 
draft for Surface Sealing. Normal aircraft approved 
paint schemes are, of course, applied over the sealed 
surface. 

It is not claimed that any of these schemes is the 
eternal panacea, but they represent a very significant 
advance. 

To counter bi-metallic corrosion, wet assembly using 
a chromate-bearing compound to D.T.D. 369A, and 
the incorporation of insulating strips or washers, are 
well known. And they are very effective when properly 
applied. 

Finally, in this Section, there is a plea to the 
designer. Whatever the metal, design for corrosion- 
trouble-freedom and try to make quite sure that all 
draughtsmen really know that : 

(i) If no aqueous liquid can intrude, there can be 
no corrosion, bi-metallic or otherwise. Therefore 
seal. 

(ii) If it must intrude, “design away” stagnant 
liquid by avoiding pockets, providing drains and 
spreading the bi-metallic current path by using 
generous insulating fillets. 

Present company is excepted and it may, therefore, 
be surprising to the Conference that the Author 
has met more than a few senior designers, technicians 
and production engineers who were in some cases 
quite ignorant, and in others incompletely cognisant, 
of these basic points. Their neglect, when we are 
trying to build fewer aircraft of better quality, cannot 
be condoned. 


2. Joining Methods 


Before looking briefly at the various methods, let 
it be recognised that whatever the joint, and which- 
ever the light metal, initial design and assembly 
workmanship should look after the avoidance of 
unnecessary stress concentrations. Magnesium is, 
perhaps, comparable to the highest strength 
aluminium base wrought alloys in notch fatigue 
sensitivity. Therefore, mechanical or welded joints 
in magnesium should be designed and effected to 
minimise stress raisers. This is the most important 
single factor in assembly to ensure mechanical service- 
ability. 
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Fig. 7. Engine and trim control pedestal for the Scottish 
Aviation * Twin Pioneer”. Sheet pressings in ZW3 
aolloy. Weight 11 Ib. 13 oz. (Courtesy Scottish Aviation 
Ltd., and Teleflex Products Ltd). 


(a) Mechanical Joints 


Screws and bolts should be of cadmium plated 
steel if the joints are heavily stressed. 

For lightly stressed bolts and rivets, MG5 (L58) or 
Duralumin (L57) should be used. L58 is better from 
a bi-metallic corrosion angle, but in practice there is 
now a growing tendency to use the stronger and more 
reliable L57 rivet combined with adequate wet 
assembly protective methods and vigilance against 
cracking of the sheet through higher closing pressures. 

Rivet diameter should be at maximum three times 
sheet thickness, or at least equal to the thickness of 
thick plate, or of the thicker with plates of unequal 
thickness. Distance between centres should be three 
times rivet diameter, and minimum edge distance 
twice rivet diameter. Holes should be drilled or 
reamed, and rivets should be squeezed. For flush 
riveting, drill counter sinking is satisfactory down 
to 16 s.w.g.; for thinner material, hot dimpling is 
used. 

Fig. 7 shows a typical mechanical assembly of sheet 
pressings. 


(b) Welded Joints 
Argonarc welding is undoubtedly superior to oxy- 
acetylene welding because : 
(i) It is applicable to all weldable magnesium alloys 
— and most are weldable. Oxy-acetylene welding 
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Fig. 8. Oil tank for ** Twin Pioneer”, oxy-acetylene 
welded in AM503 alloy. Weight: 6 Ib. 15 oz. (Courtesy 
Scottish Aviation Ltd. ). 


Fig. 9 (left). Four ways of fabricating magnesium 

pressurised containers for electronic equipment: A. all 

extrusions; B. three sheet metal cans; C. sheet with 
extrusions; D. corrugated sheets. 


is only permissible for the lower strength wrought 
alloys and never for those containing zirconium. 

(ii) Weld strength efficiencies (typical 75°/%) with 
Argonarc welding are always higher because of 
purely metallographic considerations as well as 
greater uniformity of quality. 

(iii) No flux is used in Argonarc welding, so that 
post-welding (and troublesome) cleaning opera- 
tions are not required. 

Universal Argonarc weldability of nearly all the 
highest strength magnesium alloys — wrought to 
cast as well as wrought to wrought — is an important 
factor in choosing a material to make stiff, economical 
and reliable structures. However, after many years 
of the practice, for such envelope structures as fuel 
tanks, oxy-acetylene welding is even now still used 
(Fig. 8), although it is probable that for this type of 
work Argonare welding will be adopted for future 
models. 

Figs. 9 and 10 illustrate typical American and 
British welded magnesium alloy applications. 

Argonarc welding equipments and techniques are 
now well known, but it may be worth noting that 
there have been recent improvements in applying 
these to thinner sheets of the order of 18 - 20 s.w.g. 

For all high strength alloys, welded structures should 
be stress relieved, and this can often be conveniently 
combined with stoving at 200°C. for Surface Sealing. 


(c) Spot Welding 

Spot welding of magnesium is used extensively in 
the U.S.A., with shear strengths of single spots ranging 
from about 200 - 1,300 p.s.i. for sheet thicknesses of 
18-10 s.w.g., respectively. Its utility for subsidiary 
structures is obvious. 
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Fig. 10. Radio station 

structure in Argonare 

welded ZWI1 alloy for a 
British airliner. 


(Courtesy Marconi Ltd. 
and D. Napier & Sons 
Ltd. ). 


(d) Adhesive Bonding 

Fig. 1 showed the use of 7,500 lb. of magnesium 
sheet in the B-36 bomber, and many assemblies in 
this aircraft made use of Metlbond. It must be said, 
however, that in this country there is as yet little 
accumulated experience of the use of Redux and 
Araldite on magnesium. Experimental results have 
shown that shear strengths realisable with magnesium 
fall far short of those for aluminium, although they 
are adequate for many lightly stressed applications, 
especially with the judicious use of one or two rivets 
to guard against rather low peel strengths. Adhesive 
bonds do, however, exclude moisture from faying 
surfaces. 
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SOME DESIGN INCENTIVES 


The chemical compositions and __ principal 
mechanical properties at normal temperature of 
British wrought magnesium alloys are given in 
Table II. American alloys are similar and have 
similar properties. 

Fig. 11 shows one of the production lines of Boeing 
B-47 magnesium tail cones at one of the factories 
of Brooks and Perkins Inc. Manufacturing operations 
include rolling the sheet, deep drawing, rubber press 
forming, stretch forming, press braking, drilling, 
riveting, chromating and painting. Weight saving 
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figures are not available, but they must be worth- 

while, since it is known that magnesium sheet is also 

used in similar applications on the B-52. 

The main incentive to adopt wrought magnesium is, 
of course, to achieve stiffness. The elastic modulus of 
magnesium is about 6.5 X 10° lb./sq. in. against 
10 10° Ib/sq. in. for aluminium and 30 X 108 Ib./ 
sq. in. for steel. Therefore, it is necessary to stiffen 
parts in magnesium which are replacing parts in 
aluminium or steel that have been stressed to given 
deflection limits. With castings this arises only seldom 
for practical reasons of minimum castable wall thick- 
ness. But for extrusions and sheet the moment of 
inertia must be increased. This increases in proportion 
to the cube of the depth of section or thickness of the 
sheet, and only in linear proportion to width. Therefore, 
with the low specific gravity of magnesium (1.8) it is 
clear that weight saving and/or greater stiffness can 
easily be achieved providing there is room to increase 
sections. There is usually ample room to increase 
the thickness of a sheet! 

This brings us to Figs. 12-15 showing the East 
Coast Aeronautics Inc. version of the Lockheed F-80 
in comparison with the production aircraft in alu- 
minium. In a Paper to the Annual Meeting of the 
Institute of Aeronautical Sciencies in 1955, Garges (9) 
refers to the following points : 

“(i) Both the conventional aluminium alloy wing 
and the magnesium wing utilise a two-spar type 
of construction and weigh approximately the 
same. The aluminium wing distributes the span- 
wise bending loads in proportions of about 66°/, 
in the spar caps and 34% in the skin and 
stiffeners. The magnesium wing reverses...this 
procedure and absorbs only 34°/ of the bending 
loads in the spar caps and 66% in the sheet skin 
alone, since it has no stiffeners. The heaviest 
skin gauge on the original wing was .051”. The 


. Magnesium to buckling. 





Fig. 11. Brooks and Perkins Inc. assembly line for Boeing B.47 tail cones. 


magnesium wing utilised skin from .064" to 
n> 

Simplification of design and reduction in numbers 
of parts and fastenings, with consequent reduc- 
tion in numbers of drawings, manufacturing 
tooling and labour. 

Smoother aerodynamic contours through the use 
of thick skins, with a 5 knot increase in top speed 
in the first aircraft fitted only with magnesium 
wings. Additionally, the use of thick skins allows 
drill counter sinking instead of dimpling, and 
eliminates fatigue cracking of thin sheet around 
rivets. 

(iv) An increase in internal fuel capacity in the wings. 
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(v) An increase in torsional rigidity of the wing of 
around 50%.” 
Garges also mentions the high resistance of thick 
A working exhibit to be 
shown at the Conference demonstrates its superiority 
over aluminium for non-buckling shear panels. 
Although the magnesium panel is only 71% the 
weight of the aluminium panel, it will withstand a 
higher shear load before buckling commences. This 
superiority applies for all normal values of shear flow, 
but for very high values, D.T.D. 687 aluminium alloy 
has been found better than magnesium. The exhibit 
was devised by a well known British aircraft company 
who are using large quantities of magnesium sheet. 
For guided missiles and supersonic aircraft subject 
to aerodynamic heating, entirely new magnesium 
sheet and extrusion alloys are now becoming available 
following intensive work on the magnesium-thorium- 
zinc-zirconium and other alloy systems. These 
researches resulted some years ago in the commercial 
introduction of the creep resistant casting alloy ZT1 
(D.T.D. 5005) which is designed for engine service up 
to 350°C. In the U.S.A., a magnesium-3°/, thorium- 
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TABLE III Representative Mechanical Properties of New High Temperature Wrought Magnesium Alloys 


0.17 Proof 
Normal temperature Stress t.s.t. 
tensile properties 10 
Creep Resistance 0. 
0.25 
Young's Modulus Yes) 
5.9 10' 


0.6°/, zirconium alloy HK31 has been introduced by 
the Dow Chemical Company and is now in experi- 
mental service. The same Company has another 
alloy under development ; this has a composition 
magnesium-2°/, thorium-1°/, manganese and shows 
promise of being a further improvement. In the U.K., 
M.E.L.’s work has shown a magnesium-2.7°/, thorium- 
1°% zine-0.7°/, zirconium alloy, ZTX, to be better 
than HK31, and it is hoped to make it commercially 
available soon. 

Table III gives some typical figures to illustrate 
the order of mechanical properties. Further data 
will be presented at the Conference. 

The magnesium industry will be grateful to have 
comments on the usefulness of such properties, and in 
this connection the high specific stiffness of the alloys 
up to 300°C. will, perhaps, be noted. 


Acknowledgments 


In addition to the acknowledgments made in the 
text and references, the Author wishes to thank the 
Chairman and Directors of Magnesium Elektron 
Limited for permission to present this Paper. He also 
wishes to thank some of his colleagues for their kind 
advice and help in various directions. 





Ultimate Tensile Elongation 
Stress t.5.0. 7, on 2” 
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/, creep strain at 4't.s.i. after 100 hours at 250°C. 
/, creep strain at 5 t.s.i. after 500 hours at 250°C 
x 10° p.s.i. at 250°C. 
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Fig. 12. The “all magnesium” Lockheed F-80C 


manufactured by East Coast Aeronautics Inc. 
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Fig. 13. (upper) Lockheed F-80 aluminium alloy wing Fig. 14. Numbers of parts and fastenings for each F-890 
panel: (lower) F.80C magnesium wing panel. wing structure in aluminium and magnesium alloy. 





Fig. 15. F-80 fuselage: comparative aft-sections in 
aluminium and magnesium. 


(The Author is indebted to Brooks and Perkins, Inc., of Detroit, for the use of 
Figs. 1, 4, 5, 9, 11 and 12/15, taken from various issues of their “ Magazine of 
Magnesium ”’, and to the Institute of Metals for the loan of blocks for Figs. 2 and 3.) 
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SESSION IV 


RECENT ADVANCES IN THE 
APPLICATION OF RESISTANCE WELDING 


TO AIRFRAME CONSTRUCTION 


by N. K. GARDNER, B.Sc.(Eng.), A.F.R.Ae.S. 


In October, 1950, Mr. Gardner joined the staff of Handley Page, Limited, 
where he is now a senior technical assistant. In 1955 he visited a number of 


aircraft factories in the United States and in France to examine their spot 


welding methods. 


Prior to 1950, Mr. Gardner served in the Structures Department, R.A.E., 
and in the Experimental Engineering Department of Westland Aircraft, 


Limited. He also attended the Aircraft Design Course of the College of 


Aeronautics. 


URING the past decade, the aircraft industry has 

seen a steady but remarkable increase in the use 
of resistance welding. This is not to say that any 
spectacular scientific advance has been made. What 
has happened has been a growth on the one hand in 
the quality of resistance welding equipment and, on 
the other hand, of the aircraft industry’s appreciation 
of its uses. Further, perhaps more rapid growth, can 
be expected in the next few years. 

In the aircraft industry, maturity of attitude to 
resistance welding has, in general, yet to be reached. 
The trend away from the exclusively riveted con- 
struction has taken different directions in different 
companies. In some firms, widespread use has been 
made of metal-to-metal adhesives; in others, there 
has been intensive development of integral construc- 
tion; and in others the accent has been on spot weld- 
ing. The initial tendency has been for each 
organisation to develop its own speciality to the ex- 
clusion of other methods. Signs of a reversal of this 
trend are now becoming evident. For one example, 
the Glenn L. Martin Company, perhaps the foremost 
exponents of adhesive bonding, are now using 
structural spot welding to an increasing extent. For 
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Mr. Gardner. 


another, the Douglas Aircraft Company, who make 
great use of integral construction and of automatic 
riveting machines, are actively considering extending 
their use of spot welding to primary structures. Ex- 
amples could, of course, be quoted on the other side 
of those who have exaggerated the usefulness of spot 
welding and are now turning to adhesives in applica- 
tions where they are more suitable. 


These changes in production methods have followed 
or accompanied related changes in organisation. The 
aircraft industry of the past contained two separate 
organisations. One was led by men with ‘ know-how ’ 
rather than theoretical knowledge, the other by 
qualified designers often lacking in up-to-date know- 
ledge of production methods. Now there is a third 
group, led by men whose experience and training 
earn them the respect of the other two. These are 
the production engineers. In their hands lies the 
future of resistance welding as of much else. 

Great advances in the reliability of resistance weld- 
ing have preceded its present use in primary structure 
by, for example, Boeing, Grumman, Handley Page 
and S.N.C.A.S.E. Rigid process control has been 
the essential factor in these advances. The growing 














COMPARISON BETWEEN DESIGN STRENGTHS OF SPOT WELDS AND RIVETS. 
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acceptance of statistical methods of quality control 
and of sampling inspection has, however, enabled 
success or failure to be economically assessed. In 
light alloy spot welding, improved radiographic tech- 
niques have provided the final check. 


The ultimate test of reliability is obtained only by 
service experience. Here, encouraging evidence is 
becoming available. Boeing C97 and KC97 aircraft, 
for example, were reported in 1955 to have com- 
pleted over 18,000 flying hours without cracking or 
failure of any spotweld. About 600 of these aircraft 
were built, each containing over 90,000 spot welds 
which included pressure cabin lap joints. Larger 
numbers of spot welds per aircraft are now used: 
the Boeing KC-135 (military forerunner of the 707) 
using 500,000 and the Grumman F-8F containing, 
according to Farrell (5) 1,500,000 spot welds. 


In future high speed aircraft (Mach. No. 2.5 and 
above) resistance welding seems likely to find increas- 


MINIMUM SHEET THICKNESS (INS.) 


ing favour. Here adhesives drop out of the field, 
while the weld is no more affected by environment 
than is the parent metal. The new airframe materials 
such as titanium alloys, stainless steels and the nickel 
alloys appear as a whole to be more readily and more 
efficiently weldable than are the present aluminium 
alloys. 


1. Examples of the use of Spot and Seam Welding 


The most common use of spot welding in airframes 
is for joining stiffeners to sheet. To various extents, 
this has been done on a number of aircraft. Cara- 
velle, Comet, Herald, Stratocruiser and Victor are 
some examples. Drawn section stiffeners have 
commonly been used, but extruded and machined 
stiffeners are also used, even where fairly large 
thickness differences are involved. 


Fuel tanks, both fixed and droppable, have been 
another favourite. Spot and seam welding, sometimes 
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Fig. 2. Roll spot welding a Boeing fuselage 


panel lap joint. 


in conjunction with fusion welding, have been used to 


simplify sealing problems. Examples are to be found 
in the Cougar, Hastings, Scorpion, Wyvern and other 
aircraft. (The Cougar application is further described 
below). 

De-icing ducts have often been made by resistance 
welding, especially where the temperatures involved 
preclude the use of adhesives. 

The joining of webs to booms by spot welding has 
been limited by the thickness difference which can be 
accommodated. Floor beams and ribs have been 
made in this way and it is to be expected that 
“ distributed * flange spars will also use spot welding 
in some cases. 

The two examples shown in Figs. 4 and 5 are not 
typical, but illustrate the possibilities of the method. 


In the Cougar leading edge tanks (Fig. 4) Grum- 
man have found the advantage of spot and seam 





Fig. 3. Spot welding Victor air intake ducts at 
Handley Page, Ltd. 
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welding to outweigh the accessibility difficulties in- 
volved. No weight is wasted by the use of sealants. 
The accessibility problems arising from the thinness 
of the wing and from the 51° sweepback angle are 
very severe. Grumman have solved these problems 
by special modifications to existing welding machines 
and by very ingenious welding jigs. Nearly all the 
welding is done single-handed and the cost saving 
over alternative methods must be considerable. The 
equipment used is described in detail elsewhere (1). 

Boeing’s “special purpose” lap joint (Fig. 5) is 
another very advanced application. Here the design 
aspects are of greatest interest. Static and fatigue 
strengths have been amply covered by tests, the vali- 
dity of which are borne out by service experience. 
The process control methods underlying this achieve- 
ment has been described by Gain (2). 


‘ 


2. Resistance Welding at the Design Stage 

A good deal of knowledge and experience is now 
available to indicate when resistance welding is a 
suitable method of joining and when it is not. This 
knowledge cannot be condensed into a set of rules: 
each application must be considered separately and 
the relative merits of the alternative methods impar- 
tially assessed. Table I, therefore, should not be taken 
as anything but an indication of the factors which 
should be weighed. 

The greatest advances are made when these de- 
cisions are taken by the designer and the production 
engineer working together at the project stage. The 
development work necessary to confirm these decisions 
and to obtain more precise design data is initiated at 
this stage. 

Some examples of available design data are given 
in Appendix I. 

The difficulties at this vital stage are in overcoming 
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EXAMPLES OF STRUCTURAL SPOT WELDING. 


|. GRUMMAN F9F-8 COUGAR. 
INTEGRAL LEADING EDGE WING FUEL TANK. 
NOTES: NO SEALANT USED. 


TOTAL WELDING TIME —I4 HOURS. 


Fig. 4 (right). 
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Table I. 
1. Design Factors. 


FACTORS AFFECTING CHOICE OF SPOT WELDING 











ALTERNATIVES 
FACTOR SPOT AND SEAM WELDING 
RIVETING ADHESIVE BONDING 
Strength 80°/, joint efficiency in dural readily |Flush riveting usually|Inferior above 16swg 
Static attained above 22 swg. (Ref. 10) inferior Preferred below 20swg 


Fatigue 


other attachments 


(Ref. 11) 


Usually limited by 
(S.C.F. 2-3). 





No advantage 


Possible advantage 
only when unstressed 





Finish 


.OO1” indentation with suitable electrodes. 
Quilting likely below 26 swg 


Flush riveting tends to 
deteriorate in service 


Superior in all thick- 
nesses 





Environment 
Heat, 
Corrosion, etc. 


Unaffected in relation to parent metal 
Unaffected in relation to parent metal, 
excepting magnesium alloys 


Electrolytic action not 
uncommon 


Not above 200°C. 
May be sensitive 





Sealing 


Leakproof joints by : 
(a) seam welding ; 
(b) spot welding through sealant ; 
(c) spot welding plus minimum sealant. 


Elaborate precautions 
required 


r 


No problem 








2. Production Considerations. 





FACTOR 


SPOT AND SEAM WELDING 


ALTERNATIVES 





RIVETING 


ADHESIVE BONDING 





Accessibility 
Requirements 


Access to both sides essential 


One side sufficient (at 
expense of strength) 


One side sufficient 





Minimum width of flat wedge distance 


No advantage 


Probable advantage in 








required thin gauges 
Mobility Immobile. Portable sub-assemblies only [Very mobile No advantage 
Size hroat depth. Bath size (exceptional cases [N jimit — a 
Limitations only) 





(i 


Governed by machine capacity (upper 
and lower limits) ; 


> 





No limit but dimpling 









































Thickness (ii) no more than four thicknesses as a . . .-|No limit but fit critical 
wae required in thin|’. 
Limits rule ; oui in heavy gauges 
(iii) thickness difference limited iti 
(2-3 even gauges) 
Material a : 5 - 
aay ae L , aterials for alloys |No limit No limit 
5 Series imited to materials forming sound alloys 
Economic Avoid using in isolated groups 
Considerations} Batch production preferred 
3. Control and Inspection. 
ALTERNATIVES 
FACTOR SPOT AND SEAM WELDING _ : : 
RIVETING ADHESIVE BONDING 
I rocess Effective. Serious loss of stre ngth of entire ae Fe aE 
Control assembly extremely remote. Control of . ? 
weary ape a possible hazard 
fit of parts vital 
Quality Control by normal statistical methods Sampling methods 
Control applicable (Ref. 19). Controls process inapplicable except 
but does net cover faults due to lack of by destruction of 
fit selected assemblies 
Inspection Radiography effective for aluminium alloys. No fully effective 
No effective method for steels and method available 





titanium (Refs. 21 and 22) 
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DETAIL DESIGN PRACTICE FOR SPOT WELDING. 


BAD GOOD 


ACCESSIBILITY 


FLANGED 
LIGHTENING HOLE 


f 


FIT 


Fig 6. 


natural prejudice (either against or for spot welding) 
and in distinguishing between what is possible and 
what is desirable. 

The production engineer must again exert his in- 
fluence at the detail design stage. The limitations of 
the spot welding process in general are now well 
known, but exceptional cases may still have to be 
dealt with by test. To these must be added the 
limitations of the equipment to be used. Questions 
of accessibility and fit are largely a matter of common 
sense, but mistakes frequently occur. Fig. 6 shows 
how these can be presented to the draughtsman in 


sketch form. It is noteworthy that in most cases no 
loss of structural efficiency. is involved in correcting 
a design to good spot welding practice. 


3. Welding Equipment 

The principal advance in spot welding equipment 
has been improvement of consistency and reliability. 
Modern welding machines are capable of producing 
thirty consecutive welds with a coefficient of variation 
of strength less than 4%. Used over periods of 
several months, coefficients of variation of 7 -8% can 
be obtained. A consistency at least the equal of that of 
riveting is thus available. If the control procedures 
described below are followed, there is no reason 
why such consistency should not apply in production 
over indefinite periods. 


Output Characteristics 

A number of fundamentally different types of spot 
welding machine have emerged. The advance has 
been one of progressive refinement and progressive 
complication, the most modern types controlling up 
to ten variables by use of over one hundred electronic 
valves. The more refined examples of each type have 
their place in airframe spot welding; and indeed 
their advantages, if simplicity is included as an 
advantage. A more detailed account of the types of 
machine available is given in ref. 15. 

To appreciate the relative advantages of the avail- 
able output waveforms, a brief examination of the 
process of formation of a spot weld is first necessary. 

The function of the spot welding machine is to 
supply energy to a local volume of metal so rapidly 
that local fusion occurs without undue heat loss into 
surrounding material. The rapidity of supply re- 
quired will obviously depend in part upon the thermal 
conductivity of the material. From Table II it is 
obvious that a much more rapid supply of energy is 
required for aluminium alloys than for stainless steels 
and titanium. Heat generated at the outer surfaces 
of the sheets (arising from contact resistance) is con- 
ducted away through the water-cooled electrodes. If 
the rate of current rise is too great in relation to 
surface resistance, this electrode cooling is unable to 
prevent surface melting. 

Clearly it would appear desirable to control 
the rate of current rise. The slope control 
iodification to the simple AC waveform (Fig. 7.1) 
has this object. Direct control over the number of 
cycles to peak current is also a feature of the three- 
phase type of machine. Direct control is not avail- 
able on stored energy machines, but adjustment is 
possible. The stored energy machine with its rapid 
current rise and slower decays is, however, very well 
suited to the spot welding of aluminium alloys. 

Electrode pressure also affects surface resistance and 
the higher “precompression” adopted in some 
machines is designed to eliminate _ resistance 
“ high-spots ”’. 

If cooling is allowed to take place too rapidly, the 
thermal stresses set up can lead to internal cracking. 
This can be overcome in two ways: 

(i) forging pressure can be applied to neutralise 
these stresses. This is effective only if applied 
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Table Il. Physical Properties Relative to Spot Welding. 





























Aluminium Alloy Stainless Steel T : 
DTD 610 18-8 ete 

Thermal | 
Comductivity 0.32 0.037 0.038 
CGS units 
(100°C.) 
Electrical 
Resistivity 5.7 70 55.4 
(20°C.) = 
Microhm /cm* 
= 1400 1660 














while the fused zone remains plastic, and its 
timing is very critical. The rate of application 
of the forging pressure must also be sufficiently 
rapid to cause the electrode to follow the 
rapidly shrinking weld; 

(iil) the rate of cooling can itself be reduced by 
the controlled application of “ current decay ” 
during the cooling period, as in the three-phase 
type of machine (Fig. 7.3), or of “taper” in 
the single-phase machine (Fig. 7.1). 


To sum up, the stored energy machine is a 
specialist machine for light alloy welding. Although 
the single-phase machine with the refinements des- 
cribed can also be used for light alloys it is, in fact, 
not very much used for this purpose in the aircraft 
industry. The popularity of the three-phase machine, 
which is the most versatile of the three types, is 
growing, and for airframe work this type is now being 
used more than any other. With versatility goes com- 
plexity and much more development work is required 
to make the best use of this machine than is required 
for the simpler types. 


Configuration 

Three machine configurations are available : 

(i) the press type, in which the upper electrode 
moves in a fixed guide (usually directly con- 
nected to the piston of a pneumatic jack); 

(li) the rocker arm type, in which the upper 
electrode is fixed to a pivoted upper arm; 

(i) the roller type, in which electrodes are re- 

placed by wheels, one of which is driven. 

Of these the press type is most commonly used and 
is the most versatile. Its advantage over the other 
two lies in the low inertia of moving parts, making 
rapid “ follow up ” of pressure easier to achieve. The 
rocker arm type has certain accessibility advantages, 
the region of the upper electrode being less en- 


cumbered and the maximum clearance between elect- 
rodes being greater. 
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The roller machine has production advantages 
where long straight runs are required on unobstructed 
assemblies, and for seam welding (i.e., making over- 
lapping spot welds). Inertia and secondary circuit 
impedance tend to be high, so that it is heavier and 
more powerful than the equivalent press-type machine 
(a 200 K.V.A. roller machine being the equivalent o! 
a 100 K.V.A. press-type machine). Delays for 
electrode cleaning, necessary after every 30 - 40 welds 
on press-type machines, are eliminated. Again, this 
alignment of electrodes after changing is more critical 
and more difficult than on press-type machines. 
Accessibility is of course much poorer than for the 
other types. In particular the existence of stiffeners, 
etc., running at right angles across the line of welds 
will limit its use. It is at the same time the least 
versatile and potentially the most productive of the 
three types. 


4. Control and Inspection 


It has been demonstrated that welding machines 
have been developed to give entirely adequate con- 
sistency under laboratory conditions. To maintain 
acceptable consistency in production, however, pre- 
sents another set of problems. Failure to appreciate 
the magnitude of these problems has led to some dis- 
heartening experiences in the past and explains the 
mistrust of welding still current in some quarters. 


That considerable advances in this connection have 
taken place is evident from the current applications 
described earlier in this Paper. 


A brief examination of Table III will indicate that 
spot welding cannot be introduced into the produc- 
tion system of a new aircraft in a few months. Only 
by starting at the earliest stage in the design of the 
aircraft can success be ensured. If a sufficient time 
for development work is allowed, the introduction of 
spot welding can be synchronised with the progress 
of the new aircraft. 


The details of the techniques employed have been 








describe 
the fol 
underly 
course 
any pr 
ever, se 
and co 
Thre 
quality 
(1) 
(ii) 
(111) 








described exhaustively elsewhere (refs. 17-23). In 
the following it is proposed to deal only with the 
underlying principles. The principles involved are of 
course no different from the principles of control of 
any process. A statement of these principles, how- 
ever, seems timely, in light of the growing importance 
and complexity of the subject. 

Three methods have been developed to maintain 
quality : 

(i) Process Control : 

(ii) Quality Control ; 


(iii) Inspection. 


These can be regarded as three screens through 
which the product passes in turn. The second and 
third screens, if used, exist to detect faults remaining 
due to shortcomings in their precursors. 

The terms Process Control and Quality Control are 
frequently used indiscriminately ; they represent 
distinct ideas. 

By Process Control is meant the control of all vari- 
ables which affect the relevant properties of the pro- 
duct. This implies keeping each variable within 
specified limits. To be effective without being waste- 
ful, such limits should be based upon tests by which 
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Table Ill 
THE INTRODUCTION OF SPOT WELDING ON A NEW 
DESIGN. 


Design. 





A Project Design 
Stage 


B Overall and detail 
design stage 


Cc 


Prototype Manufacture 


D Immediately Prior to 
Production 





Decisions where to use 
spot welding (see 


Table 1) 


Check on design to 
ensure welding can 
be practicable and 
economical. 


Strength calculations on 
basis of provisional 
figures. 








Drawings modified 


where necessary in 
light of production 
experience. 





Inspection classification 
added to drawings. 


Revised strength data 
available for check 
stressing (from 3D 
below). 








2. Process Development and Control. 





A Project Design B 
Stage 


Overall and Detail C 


Prototype D_ Prior to 
Design Stage Manufacture Production 


E 
Production 








Choice, Purchase, Installation and Calibration of Welding 


Machines. 









































Determination of Optimum Settings. Monitoring of output waveforms. 
oe ee nh | ah ae Records kept of all | Final approval of | Inspection to verify 
process variables. machine _ settings approved settings 
(from 3D_ below) are used and the 
; Settings of limits variables are with- 
Manufacturing Exercises. to process vari- in limits. 
ables. 
Maintenance Routine machine 
schedules set up. maintenance. 
3. Quality Control 
A Project Design B Overall and Detail C Prototype D Prior to E 
Stage Design Stage Manufacture Production Production 





Consistency panel tests, preliminary Design 


data and Control Limits determined. using 


| 
| 





Full quality control 
provisional 
control limits. 


Correlation 
faults with 
cess control. 





Revision of design 
data. Revision of 
control limits. 
of 

pro- 


Analysis of control | Full quality control 
charts from (C). 


using revised con- 
trol limits. 
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Inspection 


Table IIT (continued) 








A Project Design B Overall and Detail C_ Prototype D_ Prior to E 


Stage Design Stage 


Manufacture 


Production Production 





faulty welds. 


Simulated service tests on assemblies with 











Development of 
radiographic 
technique. 


s 


All assemblies checked for fit prior to welding. 





100%, 











radiographic | Analysis of 4C in 
inspection of all 
structural welding. 


Sampling inspection 
conjunction with graded according 
2D and 3D. to structural im- 
Definition of what portance. 

is to be termed a 
defective —_ weld. 
Acceptance limits 
for assemblies 
defined. 














the effect of each variable upon the product is 
determined. 


Quality Control, on the other hand, involves 
periodic measurement of those properties of the pro- 
duct which are of interest to the customer (or the 
designer). Corrective action is taken if these measure- 
ments fall outside prescribed limits, termed “ control 
limits”. The most important feature of the control 
limits is that they are not related to the customer’s 
(or the designer’s) requirements. On the contrary, 
they represent what can reasonably be expected of 
the process when working normally. The key word 
here is “normally”. Failure to remain within these 
limits is taken to indicate abnormality and hence to 
warrant corrective action. The idea of control limits 
is a statistical concept; they are, in fact, calculated by 
statistical analysis of trial runs or of past experience. 


There is sufficient agreement as to the meaning 
of the term Inspection to make definition unnecessary. 
It differs from the other two measures in that it is 
concerned with the product rather than the process. 
The decision to accept or reject the product, which 
is the function of inspection, must depend upon the 
customer’s (or designer’s) requirements in the particu- 
lar case concerned, and not upon whether the pro- 
cess is functioning correctly. 

A further word by way of definition is necessary in 
relation to design data. The logical approach is to 
make the designer aware of the capabilities of the 
process when functioning normally. The illogical 
(but common) approach is for the designer to state 
what he requires of the process. The designer may in 
a given application require more or less of the process 
than it is capable. If he requires less, this should 
not influence the conduct of the process but should 





only affect the inspection decision (and then only in 
abnormal cases). If he requires more, then he must 
either change his design or use another process. 

Information regarding a process is usually trans- 
mitted to the designer in the form of “ design allow- 
ables” (to use the American phrase). These are 
calculated from the same data and in the same man- 
ner as are the control limits, namely by statistical 
analysis of the properties of the product when the 
process is functioning normally. A further factor 
enters into this calculation: the risk that in any 
instance the product will fail to achieve the design 
allowable (in the case of a spot weld this is the risk 
of the weld failing at or below the design strength). 
The choice of this risk is the designer’s responsibility. 
He will be aware that the smaller the required risk, 
the lower will be the design allowable. 

A word, now, about the relations between these 
three measures. 


Process Control is in all senses the primary one. As 
its achievement approaches perfection, the need for 
the other two measures tends to vanish. That more 
can be gained by developing this aspect than the 
other two is obvious — it is just another way of saying 
that prevention is better than cure. The elimination 
of human skill from the process is almost essential to 
effective control. The art of mechanical control has 
made and is making rapid advances, with the growing 
use of self-correcting mechanisms. 


Between these extremes Quality Control is used to 
measure the success of the Process Control and to 
detect its failures. It must be rapid and direct: it 


should be cheap and simple. Its usefulness is greatly 
extended if it forms a permanent record which is 
regularly analysed. 


Frequently it enables adverse 
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trends to be detected before they become serious : that 
certainly is its object. 


Where the adverse trend may be too rapid for 
the Quality Control system or where loopholes exist, 
Inspection is necessary. It can seldom be completely 
eliminated, although where quality can be measured 
rapidly and non-destructively it may need no other 
source of information than that provided by the 
Quality Control system. 


The control and inspection measures used for spot 
welding are summarised in Fig. 12. 


5. Consistency in Production 


The records now available relating to the pro- 
duction of the Victor bomber illustrate the foregoing. 


The control and inspection techniques employed 
are described in ref. 19 and 22. 


During the production of two prototypes and the 
test components, 100°/, radiographic inspection was 
applied to the majority of spot welded assemblies. 


Results were — (approximately) : 
Welds examined 
Proportion defective 


300,000 
2—3%, 


The principal cause of defects was found to be 
lack of fit of mating parts. 


Of the 2—3° defective, it is estimated that none 
fell below 50% of design strength. 


Tests on the main wing construction showed that 
the loss of nine adjacent welds in the most adverse 
pattern led to a loss of structural strength of only 
12%. Partially defective welds produced much 
smaller losses (the existence of nine welds 30° of 
normal area giving reduction of 5%). 

These results were sufficiently encouraging to justify 
a relaxation of radiography and an increase in the 
number of spot welds per aircraft. 


All welded components were classified according 
to their structural importance and a graded sampling 
scheme was introduced. Sampling was not of 
assemblies, but of welds within assemblies. 


Analyis of records after a considerable period in 
production gave the following results : 


Total number of welds 7,230,000 
Number inspected by radiography ... 1,800,000 
Number defective eh 46,000 


(=2.5% approx.) 

On the basis of these results, further reduction of 

radiographic inspection has been made by reclassify- 
ing less important assemblies. 


The design strengths used were approximately 40 , 
above the United States MIL W6860 specification. 


6. Productivity and Costs 


Advances in productivity have taken place more 
rapidly in the United States than elsewhere. In many 
cases, Unitéd States aircraft manufacturers (notably 
Glenn L. Martin) have adopted spot welding in 
preference to riveting purely on the grounds of cost 
reduction. 


A few examples will show the order of output that 
can be achieved : 

Boeing output figures (2) follow : 

Application: Fuselage skin/skin and skin/stringer 

joints 174,000 Ib. A.U.W. Transport. 

No. of welding machines used: eight (three-shift 

five-day week). 

No. of welds per aircraft : 90,000. 

Output: 23 aircraft per month = 500 welds/ 

machine/hour = 8.5 welds /minute. 

(Nore: Since the welding machines were operated 
at 40-70 welds/minute the percentage utilisation 
was 5°, - 8%.) 

Estimated cost per weld: 2d. 

Day and Night Aircraft (3) give the following 
estimated data :- 

Application : Integral tip tanks for fighter aircraft 

diameter = 42”, length 40’ approximately, 

Spot weld output : 640 welds /machine/hour. 

Seam weld output : 20 tanks per week at estimated 

50’ per tank using two seamwelders. 


A similar spot weld output rate has been estimated 
by Grumman (1). 


Liberty Products Corp., Farmingdale, New York, 
quote much higher output figures and give in the 
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RIVETED SPOT WELDED 
Operation No. off Time mins. Operation No. off Time mins. 

Drill and Drill and , 
na 4,076 787 oan 432 83 

Dimple and ’ s Dimple and ee 
Rivet 4,076 271 ny ae 432 30 
Clearing 7 
Roll-spot 61 

Welding , 

ToraL: 1,058 ToraL: 181 


Table above a comparison between riveting and spot 
welding of 20 s.w.g. elevator panels : 

Lower outputs and higher costs (the factor being 
perhaps two in each case) probably obtain in this 
country. This can be partly explained by the smaller 
numbers of machine sets required. The attention 
paid to jigs and fixtures (1) (2) in the United States 
has undoubtedly had a beneficial effect. If more than 
one or two men are employed per welding machine, 
the jigging is regarded as inadequate. 

Some ways in which productivity can be increased 
are :- 

1. restriction of welding to cases where it is best 

suited for production ; 

2. Attention to detail design to give adequate 

accessibility ; 

3. avoidance of use of welds in small groups on 

large assemblies ; 


4. planning to give long runs on each assembly 
rather than producing one aircraft set at a 
time ; 


5. work study to reduce idle time ; 


6. process control (which is cheap) made as 
rigorous as possible, leading to reduction or 
elimination of radiography (which is expensive). 


The greater familiarity with spot welding in the 
United States has made operators more confident 
of its reliability than in this country. Very little 
radiography of spot welded assemblies is employed. 


7. Flash-Butt Welding 


Flash-butt welding of steels and of the lower grade 
aluminium alloys is not uncommon. In the aircraft 
industry, a typical application is the joining of fork 
ends to tubes for control circuits and_ other 
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14. Corrugation-reinforced panel for 


the Herald wing. 


mechanisms. The weight saving is appreciable com- 
pared with riveting, since the plug end need not 
protrude more than a fraction of an inch within the 
tube. 


It seems likely that this method can be applied to 
titanium without the use of inert gases, providing one 
of the few methods of achieving an efficient joint in 
titanium tubing. 


Recently, it has been found possible to flash-butt 
weld 75ST to give a 90°/, joint efficiency. This could 
result in considerable weight-saving or reduction in 
machining time on present aircraft. 


The present obstacle to the application of this 
method to large aluminium sections is the size and cost 
of the necessary welding machine; current densities of 


Fig. 15. Another view of the panel 


shown above. 





about 100,000 amps. per square inch (compared with 
20,000 - 30,000 for steel) and upset pressures of about 
50,000 p.s.i. will be required. A 500 K.V.A. machine, 
capable of welding up to two square inches of 
aluminium alloy, costs approximately £25,000. 


8. Conclusions 


Advances have been made in the application of 
resistance welding to airframe production, and 
advances remain to be made. 


The necessary conditions lie more in the internal 
organisation of individual companies than in further 
technical advances. Where a body of professional 
production engineers exists and is enabled to devote 
sufficient energy to the outstanding problems, further 
advances are certain. Elsewhere, they are unlikely. 
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APPENDIX 1 
DESIGN DATA 


A great deal of design data is available (Refs. 7-14). 
A brief and approximate summary is given below. 


Static Shear Strength 


Design Values Ib./spot. 





























Aluminium Stainless Titanium Commercially 
a Alloys Steel 18/8 Pure and Alloyed 
Ref. 9 
26 130* 270 800 
22 355* 580 
18 700* 1,270 2,500 
16 950* 1,900 3,700 
14 1,200* 2,600 
10 3,200} 4,000 
8 3,900+ 
Applies to DTD 687; | UTS —_ 70,000 Applies to Ti 130 
for DTD 610 and | to 150,000 Ti 160 
DTD 546 multi- p.s.1. Ti— 7% Mn 
ply by 0.9. Ti— 6Al 4V 
* Ref 7. + Ref. 8. 


(concluded on page 261) 
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to his present position as Production Engineer in September, 1955. 


poe etching of metals by the application of 
chemicals is by no means new to industry ; for 
many years now, in pickling, descaling, and photo- 
gravuring, chemicals have been used to etch away 
unwanted metal. 

A more recent example of etching by chemicals is 
in the electronics world, for the manufacture of 
strain gauges (Fig. 1). 

Broadly speaking then, the process of chemical 
milling or contour etching which I shall describe is 
the latest step forward in this same field, but it permits 
the removal of more metal in less time. Its introduc- 
tion resulted from difficulties encountered in forming 
sheet to the required contours after machining ; with 
contour etching it is now possible to form sheet to 
the necessary shape and then to etch or mill the 
geometric reliefs dictated by design requirements. 
Practice, however, has shown that the process has 
many other virtues and the chief of these can 
probably be summarised as follows :- 


1. a considerable economy in machine tool require- 
ments ; 

2. a saving in weight which the designers have 
been quick to exploit ; 

3. elimination of a large number of detail tools ; 


simplified paperwork control of a job in that 
one process sheet, one job card, tool card, etc., 
is all that is necessary for what would otherwise 
be a component comprised of several separate 
items, each with its own paperwork. 


SESSION_1V 


CONTOUR ETCHING 


by A. W. SHEPPARD 





Depths of a 4” are common in this country, 
although depths of more than 1” are possible at the 
present time. 

Whilst the technique may differ between individual 
companies here, in America, and elsewhere, basically 
the process consists of four stages and, for the purpose 
of this Paper, I will outline the procedure followed 
by my Company, giving examples of the production 
specimens produced with, I hope, sufficient informa- 
tion for a comparison to be drawn between this new 
method and other means of manufacture. 

Although etching by alkaline, acid and electro- 
chemical means has been applied to aluminium alloys, 
magnesium, titanium, copper and steels, including 
stainless, in this Paper I shall deal primarily with the 
procedure employed for the etching of aluminium 
alloys, as it is in these materials that most of our 
more interesting components have been produced. 

This Paper, then, will be divided into the following 
headings :- 


1. Description of Process. 


2. Application, Comparative Times, and_ the 
Weight Factor 


3. Physical and Mechanical Effects. 


1. Description of Process 
This consists basically of four stages, as follows :- 
(i) pre-treatment cleaning of material ; 
(ii) application of resistance medium (known as 
* masking’) ; 
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Fig. 1. Strain gauge which has been masked with a 
photo-sensitive resist and etched in ferric chloride at 65°F. 
for approximately 15 minutes. 


(ii) etching ; 
(iv) post-treatment neutralising and cleaning. 
(i) Pre-treatment cleaning of material 

This entails degreasing and pickling to give a 
chemically clean surface which is also suitably recep- 
tive for the resist, and is carried out by degreasing 
in trichlorethylene vapour for 20 minutes, followed by 
pickling in a chromic-sulphuric acid solution for a 
further 20 minutes. After this, the component is water 
washed for 10 minutes in both cold and hot water. 


(11) Application of resistant medium — * masking’ 

Prior to applying the resist, the component must 
first be covered on the surface to be worked with a 
strippable coating. over which is placed a stencil 
defining the contour of the area to be etched. A 
knife is then traced around the periphery of the 
stencil to cut the strippable coating which is peeled 
off in the areas where etching is not required. The 
component is next sprayed with a standard aircraft 
etch primer to ensure complete adhesion of the 
resist, after which it is stoved for 15 minutes to remove 
solvents. 

The component is now ready for the application 
of the resist a polyamide cured epoxy surface 
coating which is sufficiently flexible to allow gases 
produced during etching to escape. Examples of 
edges produced by badly formulated resists are shown 
in Figs. 2 and 3 ; Fig. 4 shows a good edge. 

After spraying on the resist the item is stoved in an 
oven for 30 minutes at 120°C., or, alternatively, by 
infra-red lamps. (See Fig. 5 for curing times.) — 
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Fig. 2. Defective resistant coating being lifted off the 
surface of the sheet due to poor adhesion, or due to stifi- 
ness of resist resulting in flapping causing peeling. 
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Fig. 3. Resistant coating too stiff, causing gas trapping, 
and so inhibiting etching. 








Fig. 4. Correctly formulated resist giving controlled 
radius at edge, 


CURING TIME HRS. 


ETCH RATE. THOU/HR. 





CURING CYCLE 
EPOXY/ POLYAMIDE RESIST. 


CURING TIME HRS. 
_ INFRA RED 








ISO 
TEMPERATURE °C 


Curing times. 


Fig. 5. 


Finally, the strippable coating is removed, thus 
exposing the areas to be etched. 


(ii) Etching 

Etching is carried out by placing the component 
in a hot alkaline solution for a specified time to 
remove the metal in the unmasked areas. The bath 
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Fig. 7. Behaviour of new etching solutions of various 


strengths in the unmodified condition. 
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Fig 6. Etching. 


is a 12% sodium hydroxide solution modified by 
bringing the aluminium content of the solution to 
2.5°% and seeding with aluminium oxide, to give a 
constant etch rate of .045 per hour at a fixed 
temperature of 80°C. (see Fig. 6). The reaction 
between the sodium hydroxide and the aluminium 
may be represented by the following equation :- 


2NaOH + 2Al + 2H,0->2NaAl0, + 3H: 4 
Sod.Hydroxide, Aluminium, Water, Sod.Aluminate, Hydrogen 


The sodium aluminate, which has a depressing 
effect on the etch rate, is converted to alumina which 
is precipitated and removed as a sludge by centri- 
fuging — sodium hydroxide being regenerated, thus a 
constant etch rate is achieved. The hydrogen 
generated during the reaction should be removed by 
venting. The graph (Fig. 7) show; the behaviour of 
new etching solutions of various strengths in the 
unmodified condition, which emphasises — the 
importance of temperature control and shows the 
etch rate. 

It should be mentioned here that if stepped etching 
is required which necessitates progressive masking, pro- 
vided the procedure outlined under the headings (ii) 
and (iii) is carried out right away, the pre-treatment 
described may be dispensed with. 


(iv) Post-treatment — neutralising and cleaning 


This involves a cold water wash for five minutes, 
followed by immersion of the component in a cold 
10°%, - 30°4 nitric acid solution for five minutes to 
remove the ‘smuts’ and neutralise. A further water 
wash, entailing a cold and hot rinse for 10 minutes, is 
followed by the final operation of removing the 
resistant coating by submerging the component in a 
suitable paint remover for 10 minutes. 
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The component should then be washed for five 
minutes, dried, and surface protected as for a 
machined item, i.e., anodised or lanoline coated. 

The surface finish is inspected against master samples 
which have been approved by the Design and Inspec- 
tion authorities, and these are in two grades : 

Grade 1 — is the equivalent of the finish produced 
on an age-hardened plate and is free from 
blemishes ; this finish is only insisted on where 
the fatigue life is of paramount importance. 

Grade 2—finish is similar to that obtained by etching 
plate in the solution treated condition and is 
the minimum standard which can be accepted 
where Grade 1 has not been specified on the 
production drawing. 


2. Application, Comparative Times, and the Weight 
Factor 

Before referring to specific examples with the 

approximate times taken to produce them as com- 





Fig. 8. Panel produced 

by contour etching in 

4% hours, against 15 

hours by normal machin- 
ing methods, 


pared with other methods of manufacture, it will be 
appreciated that there can be quite an initial saving in 
plant requirements, due to the fact that, within the 
limits of the etching tank available, several com- 
ponents may be etched simultaneously. 

Fig. 8 shows a panel which, by normal machining 
methods, took 15 hours to produce, but by contour 
etching only four-and-a-quarter hours. 

The second example — shown in Fig. 9 — is a 
fabricated component consisting of two plates flush 
riveted together, taking a total time of five-and-a- 
quarter hours to manufacture, whereas by contour 
etching the time taken was four-and-three-quarter 
hours. 

From this particular specimen, too, yet another 
point in favour of contour etching emerges — that 
of weight saving. It will be appreciated that an 
integrally constructed component of this nature is 
very much stronger than a fabricated item ; therefore, 


Fig. 9. Fabricated component consisting 
of two plates flush riveted together, taking 
a total time of 54 hours to manufacture, 
against 4} hours by contour etching. 
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Fig. 14. A .18” thick panel reduced to .05” within a 
prescribed pattern. 


by decreasing the gauges of material, a reduction in 
weight for the same strength may be obtained. 

Fig. 10 illustrates a panel with varying depths which 
it would be impracticable to machine as 75°/, of the 
skin is only .01” thick with a leading edge of .036" 
from the original plate of .064”. ‘To produce this by 
contour etching took six hours. 

Reduxing would possibly be the alternative method, 
and to manufacture by this means the estimated time 
is approximately nine hours, on top of which, of 
course, there would be the cost of a bonding fixture 
and tooling for the detail parts as opposed to the 
cost of masking, plus an 18G stencil template. 

Another application is shown in Figs. 11 and Ila 
and, in this instance, the etching was done after 
forming and includes a buttstrap etched into one 
plate, thus saving weight and cost by omitting two 
lines of rivets. Producing this component by contour 
etching also, of course, dispenses with the detail 
tooling which would have been necessary for the 
reinforcing strips. 

Finally, Figs. 12 and 13 show a more unusual type 
of component. Fig. 12 depicts a .006” thick plate 
etched to form a grill, which would entail the manu- 
facture of expensive piercing tools but which, by 
chemical methods, can be produced quite 
economically. Fig. 13 is a plate bonded to a fibre 
glass laminate and then etched away to the required 
pattern. 


Taper Contour Etching 


Figs. 14, 15 and 16 are examples of taper milling 
by chemical means. This is done by gradual immersion 
or withdrawal at a predetermined rate from the 
etching solution. 

Fig. 14 shows a .18” thick panel reduced to .05” 
within a prescribed pattern. 

Fig. 15 shows two integrally stiffened ‘tab’ skins 
prior to bonding, the skin thickness being .01” with 
tapered stiffeners and spar member. Remembering 
that the etchant penetrates under the resist by an 
amount equal to the depth etched and as the stiffeners 
are required to be of parallel section in plan view, 
it will be appreciated that to the nominal width of 
stiffeners at the thick end of the wedge (t) must be 
added at each face to be etched an equivalent amount 
to the depth of etch at point (a) — see Fig. 15a. 
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Fig. 15. Two integrally stiffened ‘tab’ skins prior to 
bonding. 


This was achieved by first tapering the plate, then 
reversing the direction of entry and tapering the 
pockets after remasking. 

Fig. 16 is the longest tapered component so far 
produced at Saunders-Roe, and is 4’ 6” long, tapering 
from .06" to .01” ; the etching being done on the 
inside of this member after forming to channel 
section. 


3. Physical and Mechanical Effects 


Materials which are age-hardened give a much 
finer surface finish than those in the solution treated 
condition. This is probably due to the greater rate of 
differential attack on the softer material ; also the 
finish on the copper based alloys is superior to that 
obtained in those containing a high percentage of 
zinc, such as DTD.687, due to the zinc being more 
susceptible to attack by sodium hydroxide. Compara- 
tive surface finishes are shown in Figs. 17 to 20 
inclusive. 

Examination by high magnification has revealed 
that in materials to specifications such as L.72, L.73, 
and DTD.687 reduced in thickness by contour 
etching with the sodium hydroxide solution, there is 
no inter-granular attack or modification to the 
structure below the etched surface. With L.65 it was 
found that the deeper the etching was taken, so the 
pitting increased in the direction of the end grain, 
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Fig. 15(a). This diagram illustrates the manner in which 
a tapered part can be produced by etching. The degree 
of taper is controlled by the rate at which the plate is 
immersed in the etchant. By suitably masking the tapered 
face and immersing the wedge again in the etchant, base 
first, stiffeners of constant width, connected by a skin of 
constant thickness, can be produced. The shape of the 
required part is shown at the top. 





Fig. 16. The longest tapered component so far produced 
at Saunders-Roe, 4’ 6” ‘ong, and tapering from .06” to .01”. 
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Fig. 18. Contour etched DTD.687 x 10. 





Fig. 19. Contour etched DTD.610 x 10. 





Fig. 20. Contour etched DTD.646 x 10. 


and Fig. 21 shows a section through an L.65 block 
etched to a depth of 1”. It can be seen that, although 
the majority of the fissures have the rounded bottom 
of chemical attack, there are signs of stress corrosion 
cracks in one or two. This, of course, would affect 
the fatigue life of a component but, as they are 
only of the order of .030" deep, they could possibly 
be polished out. 

Bending fatigue tests on specimens as indicated in 
Fig. 22 are being carried out on materials in the 
‘as received’, machined, and contour etched 
conditions, and the indications are, that the number 
of loading cycles to failure of specimens produced by 
contour etching is of the’ same order as that for 
machined specimens. 

The table given overleaf shows the initial fatigue 
tests carried out on L.71 material. 

All the specimens, except one, were tested at a 
stress level of +24,000 Ib./in. and gave cycles to 
failure as shown. 
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Fig. 21. Section through an L.65_ block 
etched to a depth of 1”. 
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tig. 22. Dimensions of the fatigue test-pieces cut from 
a 10 swg sheet. The thickness of the machine-milled 
and contour-etched test-pieces was reduced to .08”. 
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dissin Unmachined Machined Contour Etched sel ae 
oe. t t t t 
ins. ins. ins. ins. 
| a. rn | .085 223,600 .085 229,800 .084 351,300 
2 «127 417,700 .085 370,100 .084 180,500 .084 270,000 
3 A27 775,700 .085 222,400 .084 228,300 .083 208,500 
4 127 360,000 .085 254,800 .085 221,700 .083 620,500 
5 127 330,900 -085 133,900 .084 201,900 200,300 
6 tat 309,900 .085 178,800 .085 171,900 












































“RECENT ADVANCES IN THE APPLICATION OF RESISTANCE WELDING 


TO AIRFRAME CONSTRUCTION” 
(concluded from page 252) 


2. Effect of Sheet Strength 
Aluminium Alloys: Stressed attachment 17°/;' loss. 
Unstressed attachment 10°/ loss (Ref. 12). 
Titanium : No loss. 


3. Other Factors to be Considered 


Effect of pitch on strength: see Refs. 7 and 8. 
Effect of unequal thicknesses: see Ref. 7. 
Load distribution: see Ref. 7. 


4. Fatigue Strength 


The machine settings used are designed to give 
maximum static strength and consistency. Very little 
.work has been done with the object of improving 
fatigue strength. For most applications, fatigue 
life is limited by the riveted joints used for final 
assembly rather than by the spot welds. 





Where an advantage can be realised by increasing 
spot weld fatigue strength, it seems likely that this 
can be done either by choice of settings based on 
fatigue tests or as suggested by Welter (13) by pre- 
stressing. 


A large number of fatigue tests on structural joints 
between spot welded assemblies has resulted in few 
if any failures originating at spot welds. Service 
experience on pressure cabin lap joints (2) has been 
satisfactory. 


Ref. 11 shows a loaded spot weld to give an 
effective stress concentration factor of two to three. 
This is confirmed by unpublished Handley Page 
Limited tests. 


According to Fisher (Third Annual Conference of 
the International Committee on Aeronautical Fatigue) 
the average value of theoretical stress concentration 
factor for a distributed structural joint using rivets or 
bolts is 5.0. 








SESSION IV 


REPORT AND DISCUSSION 


Chairman: S. P. 


The Chairman: The Paper on magnesium has 
been extremely interesting. I feel that those con- 
cerned need a much better sales service. We are 
always seeking means of reducing weight, but we 
who build naval aircraft are worried about corrosion. 
From the remarks made this morning, it would appear 
that Mr. Wilkinson sells something, and | feel that 
he needs to push it a lot harder with the aircraft 
manufacturers. One thing that worried me was that 
most of his illustrations were of American aircraft. 
Does that mean that the Americans are further ahead 
in the metallurgical sense, or have they more com- 
petent materials-tackling design people ? 


It is a little difficult for me to comment on the 
second Paper. I have a certain bias in that direction. 
I should like to know a lot more about welding 
titanium. We feel that perhaps the orthodox light 
alloy structures are gradually disappearing to be 
replaced by steel or titanium. 


I have some diffidence about making any comments 
on the third Paper. There is no doubt that this has a 
tremendous future. I should have liked a little more 
information on making the tools and the masks. I 
think that is where some form of profile contour 
machine will help us. One point not stressed, but a 
very important one, is that when a comparison is 
made of etching times against machining times, there 
is also a tremendous saving on the subsequent hand 
finishing required after the machining operation. 


Mr. R. E. Mills, M.1.Prod.E., A.F.R.Ae.S. 
(Specialist Designer (Mechanical), A. V. Roe & Co. 
Ltd.): My questions are concerned with contour 
etching, and I hope Mr. Sheppard will forgive me if 
I am a little critical. As an old colleague of mine, 
perhaps he will appreciate the way in which the 
remarks are made. 


First of all, I get the impression that the process 
has great possibilities, but as it has been described, I 
feel that it is very much in the initial stages of 
development. I should therefore like to ask one 
or two questions about it. 


First, the method of stripping appeared to me to be 
a little crude. I should have thought that cutting 
with a knife might set up fatigue cracks. I wonder 
whether there is another method, even a chemical 
one, whereby the stripping could be done. Secondly, 
I thought that five minutes for washing was perhaps 
a little on the short side. In that connection, I should 
like to ask whether any prolonged tests have been 
carried out to prove that that period is satisfactory. 
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On the question of surface finish, I felt that the 
examples were a little nebulous. Could you give some 
C.L.A. values of-surface finish so that we have a 
recognised standard to work to? On the same 
subject, I thought your written remarks were a little 
in contradiction to Major Teed’s views on that 
subject. : 


Mr. Sheppard : First, we have found the process 
of cutting by the knife most satisfactory. It is true 
that if the operators are not careful, they can pene- 
trate too deeply and score the plate and that will 
then etch in progressively and can cause stress 
trouble, but the girls become quite proficient in this 
work and they can cut through the material without 
marking the metal. 


As to removing the resist by chemical means, the 
resist itself is resistant to acids and alkalis, and so 
that is out. 


With regard to corrosion after the cold and hot 
water washes, we have had pieces of plate lying 
around the factory for as long as two-and-a-half 
years, and there is no sign of any corrosive action. 


As to finish, as far as we can judge on the age- 
hardened plate we are in the region of 24 - 25 micro- 
inches. On solution treatment we are in the range of 
100. 


Mr. E, Craker (Production Research Department. 
Folland Aircraft Ltd.) : Could Mr. Wilkinson enlarge 
on the technique of resistance heating ? When 
stretch forming over a hot tool, the material is held 
in cold jaws and there is a temperature gradient in 
that part of the material between the tool and the 
jaws. The elongation takes place only in that area 
of the material which is in contact with the tool. If 
resistance heating could be used, more effective 
elongation could be obtained from the material 
between the tool and jaws. 


In his Paper to the Institute of Metals, Mr. 
Wilkinson made reference to the use of d.c., implying 
that it might have some advantage over the use of a.c. 


There is also the matter of the use of glass cloth 
as a lubricating medium. Would there not be some 
tendency for the cloth to pleat up underneath the 
metal as forming took place ? 


Mr. Wilkinson : I am not an electrical engineer 
and, therefore, I shall have to ask for notice of your 
question about the use of a.c. or d.c. 
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(In his written reply, Mr. Wilkinson says : 

I am grateful to Mr. Craker for drawing attention 
to an error in my Paper. Either low voltage a.c. or 
d.c. can be used. In practice, however, it is more 
convenient to step-down mains a.c. by transformer. 

On the general question of resistance heating of 
sheet, I now learn that it has recently been found on 
titanium that this method — whilst satisfactory for 
square or rectangular shapes gives unequal heat 
distribution on more complex forms.) 


On the question of the use of a fibre glass blanket, 
no doubt puckering or creasing might well be 
expected, but in practice it happens to work. 


Mr. S. G. E. Nash, M.1.Prod.E. (Deputy Chief 
Development Engineer (Metals), Bristol Atrcraft 
Ltd.) : Spot-welding was held in ill repute for some 
time. It is an excellent thing that the statement 
which has been made this morning should have come 
from a welding engineer, particularly when one 
considers that few topics have received as much 
attention on the research side as spot-welding over the 
years. A lot of that ill repute came from the 
performance of spot-welded structures in = an 
unfavourable comparison with riveted ones in the 
matter of the accommodation of strain. I would 
ask Mr. Gardner to comment further on the present 
situation with respect to that, and particularly with 
respect to the tendency of failures in spot-welded 
structures to run once having started. In a lot of 
the earlier work there was a tendency, if one of two 
welds failed under structural loading, for the whole 
thing to unbutton like a waistcoat. 

Mr. Gardner has made interesting references to 
new régimes and to stainless steels. One of the big 
disadvantages of resistance welding in these circum- 
stances is the very high pressure which must be 
applied. Yet if one is to build aircraft successfully 
one cannot always have the component in panel form 
taken to the machine and, therefore, one has to have 
portable equipment. Is there much hope of being 
able to reduce the pressures necessary for stainless 
steel working in these portable applications ? 

With regard to contour etching, there is not 
very much reference to curved panels. Most people 
interested in contour etching are very much interested 
in the patent situation. The American patents reside 
very largely in the applications to curved surfaces. 
I should like to have Mr. Sheppard’s views on this 
subject, and also information about published work 
relating to the process on steel and titanium. 


Mr. Gardner: With regard to the waistcoat 
unbuttoning, I can only answer from my observation 
of structural tests on a large number of aircraft 
components, in which spot-welding was used for 
attaching stringers to sheet and for attaching the 
corrugated core to the face plate of a sandwich 
construction. ‘There were no failures which started 
as a result of a spot-weld failure. However, failure 
can occur as a result of severe buckling of the sheets. 


I recall that in one case one spot-weld went, and then 
about two or three more, but not immediately — at 
successive increments of loading. On the corrugated 
construction, the spot-welds do not fail until a very 
high stress is reached. Then instability failure 
probably results in quite a large number of spot-welds 
going. But the design keeps that in view, and de- 
sign stresses are adequately below the stress at which 
that happens. 

It has to be borne in mind that a spot-weld is a 
much stiffer attachment than a rivet, especially if you 
are designing a lap joint. If it was found necessary 
to have more than two rows of welds in a lap joint, 
it could not be assumed that the load was taken 
equally by each row (which, because of its greater 
elongation, can be assumed in the case of a riveted 
joint). For the same reason, you cannot mix spot- 
welds with rivets in a joint. 

I do not feel very qualified to answer your question 
about portable equipment. As it stands, the spot- 
welding of aircraft structures is for portable sub- 
assemblies to which there is access from both sides. 
I do not think there is any possibility of portable 
equipment for aluminium alloys. It still seems rather 
unlikely to come in the case of stainless steels, but 
I cannot give you a definite answer. 


(AuTHoR’s Note : 

I have since been informed that portable spot- 
welding equipment has been successfully used for 
fabrication of stainless steel components for jet 
engines. It would appear that for stainless steel spot- 
welding, a portable machine can be devised to do 
practically any job which can be done with a pedestal 
type machine. For aluminium alloys, however, many 
problems arising from the very high currents involved 
remain to be solved before portable equipment will 
be available for producing spot welds to the standards 
required for aircraft production). 


Mr. Sheppard: There is an American patent 
on the manufacture of high strength lightweight 
curved structures by etching, irrespective of the 
etchant or masking medium used, so, assuming the 
validity of the patent in this country, to etch a curved 
structure would possibly be an infringement. 


With regard to steels and titanium, most of our 
work has been in the light alloys, but we are 
interested in, and pursuing the possibility of, etching 
steels, titanium, and magnesium; these materials are 
more difficult and expensive to etch, because the 
etchant is acid as opposed to alkali for the light 
alloys. 

The acid is a consumable item, and the exothermic 
reactions make temperature control more difficult, 
necessitating the use of heat exchangers. There is 
also the problem of what material to use for the 
tanks, holding rigs, and pipes, etc. 

With titanium we have tried a mixture of hydro- 
fluoric and nitric acid to try and cut down hydrogen 
embrittlement, another major problem in the etching 
of steels. 
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The etching of steels is still in the experimental 
stage, and I think it will be some while before we 
are in production here and in America. 


Mr. H. J. C. Weighell, Wh.Sc., A.M.I.Mech.E., 
A.M.I.Prod.E. (Production Methods Superintendent, 
Sperry Gyroscope Co. Ltd.): First, I should like to 
ask Mr. Wilkinson what the model is that he has 
in front of him on the table. 

My second question is addressed to Mr. Sheppard, 
and it relates to Figs. 12 and 13 in the Paper and the 
square grid type of etchings. I should like to ask 
whether he prepared the surface for these by re- 
moving the resist material after meticulously cutting 
all round with a knife, or whether he had a better 
method. 


Mr. Wilkinson : The model is one used for an 
S.B.A.C. Weight Control Exhibition some years ago. 
It was devised and manufactured by one of our 
large aircraft Companies which is using something 
like 1,300 Ib. of magnesium alloy sheet on an air- 
craft. The purpose is to show that for normal values 
of shear flow you can have a magnesium panel which 
is only 71°/,, of the weight of the aluminium panel 
corresponding to it. If you twist the screw, you will 
find that the aluminium panel will start to buckle in 
compression rather before the magnesium panel. 

This is, perhaps one of the best ways of using 
magnesium. We do not claim that magnesium can 
be used in many other applications where very strong 
aluminium alloy, such as DTD.687, clearly has better 
specific tensile and compressive properties. Indeed, 
if you have very high shear flow, then it is probable 
that a high strength aluminium alloy is better. 

One of the points that I have made in my Paper, 
however, is that, in contradistinction to using mag- 
nesium for the primary structure of aircraft, there 
are virtues in its use in the secondary structure. 


Mr. Sheppard: Figs. 12 and 13 relate to experi- 
mental components. The one in Fig. 12 is 0.006” 
thick, and that is about the maximum thickness of 
the plate through which you can go while getting 
vertical sides to the slot. We should not use our 
normal masking. We should use a photo-sensitive 
resist and acid etch. 


Mr. W. S. Hollis, B.Sc.(Eng.), A.F.R.AeS., 
M.1.Prod.E. (Assistant Director, Aircraft Production, 
Ministry of Supply): I wonder whether it is generally 
known that the Gas Turbine Calibration Committee, 
which deals generally with aero engine firms, has, 
through the Welding Panel, recently completed a 
manual of welding practice which covers all the 
welding applications. The manual has been approved 
by the Director of Materials and also by the A.I.D. 
If the circulation has not yet covered aircraft firms, 
we should be very pleased to make the publication 
available. It covers very much the lines of the lec- 
ture and it deals not only with the practice, but 
materials as well. 

T should also like to make a point on the question 
of magnesium alloy bearings used in the last War. 
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In certain gun turret support rings which were 
relatively lightly loaded we used magnesium alloys 
exclusively. They were chromated. The manipula- 
tion of the turret took the chromate off the track, 
but the track considerably work-hardened and the 
polishing effect maintained that work-hardening. | 
cannot recall a single case of failure or corrosion 
occurring when using magnesium alloy as a bearing 
material. 


Mr. Wilkinson : | thank Mr. Hollis for bringing 
up that point —it is very true. The de Havilland 
Gipsy series of engines has used a cast bearing hous- 
ing for the camshafts for, | suppose, upwards of 20 
years. | was at de Havilland recently and I looked 
over their overhaul line and I was told that failures in 
service have been rare. Admittedly, the bearing loads 
are fairly light and the lubrication is good. However, 
under those conditions Mr. Hollis is right in saying 
that magnesium is a good bearing material. 


Mr. G. H. Taylor (New Development & Process 
Engineer (Aircraft), The English Electric Co. Ltd., 
Preston): I wish to ask Mr. Sheppard two questions. 

First, is there any difference in the formation of the 
boundary edges of the etched surface when etching 
clad or unclad material? Do you get a different attack 
in the shape of an angle or a radius equal to the 
depth penetrated? 

Secondly, do you protect the edges of the sheet 
or plate against a breakdown of the resist when it 
is applied by taking off all sharp corners? Is that 
necessary ? 


Mr. Sheppard: The answer to the first question 
is that we find no difference at all. 

Your question about protecting the edges is rather 
a good one. We now have a method of taping which 
we use to seal the edges. Originally we found it was 
a very good safety factor to leave the edge of the 
component full, and trim after etching. Although 
we now use a tape, we still endeavour to seal the 
edges with the resist as a further safety precaution. 


Mr. H. G. Cole (Ministry of Supply): Mr. 
Wilkinson remarked on the greater exploitation of 
magnesium alloy sheet in the United States than 
in this country. I wonder whether one of the reasons 
is that the Americans have put all their energies 
into developing the high purity type of sheet which 
has a very high corrosion resistance, whereas we 
have put our faith in the magnesium-zirconium sheet 
with higher strength but poorer corrosion resistance. 
The Americans have gone ahead in the last 10 years 
on their sheet, and we are very much behind. 1 
think there is more explanation for this than is given 
in the Paper. 


Mr. Wilkinson: There is a deal of truth in 
what you say. However, I think we might look 
briefly at the development of magnesium sheet alloys 
in the United States and over here. 

Here and in the United States almost from the 
word “go” we have had one alloy, the magnesium- 
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14°/, manganese composition, the lowest strength 
magnesium sheet alloy. We used that during the War 
extensively for fuel tanks (oxy-acetylene welded) and 
it was used for similar applications in the United 
States. 

We rather lagged (in time) behind the United 
States in the commercial marketing of a higher 
strength magnesium sheet alloy. The Americans did 
rather daring things with their alloy. They made 
some tail-booms for a military aircraft by welding, 
and unfortunately the aircraft broke up because the 
booms stress cracked. 

After a period, the Americans said they had a new 
sheet alloy. Instead of 6° aluminium and 1% zinc, 
as before, the new one was 5°/, aluminium and 1%, 
zinc. This was believed to be better. Somewhat later 
they introduced another sheet alloy — 3° aluminium 
and 1°%% zinc. This alloy has proved resistant to stress 
corrosion in service. All these alloys were, I believe, 
in high purity form. 

It is a characteristic of the magnesium-aluminium- 
zinc type of alloy that if you hold the iron and nickel 
impurity limits down to certain values, you get a very 
much more corrosion-resistant material than you have 
if you have more of these impurities. Measured 
by weight loss in a spray test, or a total immersion 
test, this high purity AZ.31 gives a very satisfactory 
performance. In fact, if you have a sheet specimen 
in a salt solution, whether spray or total immersion, 
and leave it there a few weeks and then take it out 
and measure the weight loss, you will find that the 
weight loss is very small indeed. When you examine 
the specimen, you will see that there is hardly any 
attack on the broad surface, but you may find some 
deep pits. These are purely adventitious: you may 
have some cathodic impurities which have “ crept ” 
into the melt. However, if you use the material in 
thin sheet form, as for control surfaces, one deep pit 
may be castastrophic in the end. 

In this country we concentrated our early efforts 
on a magnesium-zinc-zirconium alloy which is also 
of high purity. It has somewhat higher original 
strength values and, especially after preheating for 
hot forming up to 300°C., it has considerably higher 
residual strength values. In other words, the pre- 
heating-letting-down-annealing effect in the hot 
forming is lower for our alloy than for AZ.31. 

On the corrosion angle, this magnesium-zinc- 
zirconium alloy shows a considerably greater weight 
loss after a spray test or a total immersion test. But 
that weight loss is uniform across the whole surface 
of the sheet. There are usually no deep pits. 


(AuTHoR’s Note: 

Since presenting the Paper, there has been some 
comment on my earlier remarks that we had lagged 
hehind the United States in regard to production of 
high purity AZ.31 sheet. This is true in time, but T 
should like to make it quite clear that this high purity 
material has been manufactured in the U.K. for quite 
some years now, and that it is in aircraft use in thin 
gauges. A main reason why it was introduced here 
was that the magnesium-zinc-zirconium alloy is some- 
what difficult to roll in gauges thinner than 18-20 


S.w.g. : it was not that the particular applications de- 
manded maximum corrosion resistance. We have 
every respect for American use of high purity AZ.31 
and for the intrinsic virtues of the alloy in its anti- 
corrosion performance. However, we do not like the 
pitting tendency, and we prefer the mechanical 
properties of the zirconium bearing alloy. Also, we 
reckon that magnesium sheet in aircraft has to be 
painted anyway and that — with good maintenance 
— differences between alloys in total weight loss 
under corrosive conditions assume an importance 
subordinate to other factors). 


Mr. Wilkinson then showed a number of slides of 
illustrations from his Paper, as follows : 

I mentioned in the Paper that in America they 
are using a lot more magnesium sheet, and our Chair- 
man drew attention to this. Fig. 11 shows a produc- 
tion line at the works of Brooks and Perkins Inc., 
of Detroit, of the tail cone of the Boeing B.47. I 
think more than 1,000 have been built. This photo- 
graph was rather intriguing to me, and so I tried to 
find out whether Boeing were satisfied with the use 
of magnesium. 

I have a letter here from one of my friends saying 
that on the B.52, the successor to the B.47, some 
4.500 Ib. of AZ.31 sheet are used. There is con- 
siderably more sheet on the B.52 leading edges, the 
trailing edges, flaps, etc., than on the B.707. 

When we come to the B.707, which I suppose has 
a “certain civil potential”, my friend writes that 
the outer skin of the leading edge of the Boeing 707 
is made from AZ.31 sheet and the inner skin is made 
from 61.S aluminium. The magnesium skin is riveted 
to the aluminium inner skin, but it is now said that 
it is possible for this to be bonded. Heated air is 
employed for de-icing on the Boeing 707, and the 
material used for the ducting is stainless steel. The 
ducting does not touch the outer magnesium skin but 
is attached to the inner aluminium rib. 

This shows that the Boeing Airplane Company, 
who “ know their onions” in regard to aircraft, seem 
to have established a successful series of applications 
of magnesium. It is perhaps no breach of confidence 
to say that I have recently been approached by two 
large aircraft companies in this country who have 
heard, on the “jungle telegraph”, that Boeing are 
using magnesium for an aircraft which is going to be 
used on one of our own airlines. 

What the Chairman has said is right. If I had 
20 chaps preaching the gospel instead of five, I 
should be a very happy man. We are doing our 
best to pack 48 hours into 24, but we just cannot do 
it. 

I should like to take this opportunity of comment- 
ing on some more of the illustrations used in my 
Paper. 

Fig. 12 shows the Lockheed F.80C, a standard jet 
trainer of the United States. It is normally made 
with its wings and fuselage in aluminium. 

Fig. 13 (upper) shows the conventional aluminium 
alloy wing, and Fig. 13 (lower) shows the magnesium 
wing which was made by East Coast Aeronautics 
Inc., of Brooklyn. 
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The table in Fig. 14 shows what, in my opinion, is 
the best way of using magnesium. East Coast Aero- 
nautics say that they like to use magnesium not only 
to save weight, but to save man-hours. By using 
thicker magnesium instead of thinner aluminium, 
the number of rivets is reduced and the structure 
simplified. You therefore reduce man-hours. Also 
—and this harks back to Major Teed’s lecture — by 
reducing the number of fastenings you reduce 
the number of stress concentrations which can pro- 
mote fatigue; and by using thicker magnesium, you 
can drill-countersink instead of dimpling. 

On the standard F.80 aluminium wing you have 
1,644 parts, and with magnesium you have only 
508. The corresponding figures for fastenings are 
42.758 and 16,050. 

I have another letter from America to say that the 
magnesium version of the F.80 has been flying for a 
year and a half and that it had 45 hours of flight 
before any mechanical servicing of any kind was 
required, and it has now flown 300 hours without 
any trouble attributable to magnesium. 

Earlier I did not have time to refer to the new 
requirements for aircraft materials in terms of areo- 
dynamic heating. Up to about a year ago, although 
the magnesium industry had already developed cast 
alloys for engine use up to 300 or 350°C. — almost 
a hot rolling temperature for magnesium alloys — 
the industry had not introduced corresponding 
temperature-resistant wrought alloys. But over the 
last year or so they have had some success (Table ITI). 
These additional illustrations (Figs. A-D) deal with 
the new magnesium-thorium-zirconium alloys with 
or without zinc, developed in the U.S.A. and U.K., 
and which compare favourably in properties with 
certain aluminium alloys up to temperatures of about 
315°C. In the United States this alloy is now in 
service in guided missiles (Fig. E). 
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In this country, we have an alloy of this type about 
to be commercially launched. I think the main point 
is that at 300°C. the material will have a Young’s 
modulus of around 5.3. Therefore, at supersonic 
flying temperature you obviously have excellent 
specific stiffness; that is, if you can use a light alloy 
at all. 


Mr. G. A. Daniell, A.M.1.Prod.E. (Chief Work 
Study Engineer, Bristol Aircraft Ltd.): Relating to 
a point raised by Mr. Nash concerning pressures in 
welding machines, can Mr. Gardner tell us whether 
any significant advances are being made in materials 
used for electrodes for resistance welding? I imagine 
that this could be a fruitful field in view of the in- 
creased pressures which will be required in the future. 

Electrodes in existing materials are not, as Mr. 
Gardner states, perfectly satisfactory. | Mush- 
rooming of the tip frequently occurs, particularly at 
high production rates. Where accessibility demands 
a cranked electrode, adequate water cooling is fre- 
quently not possible, and this also results in ‘ mush- 
rooming’ and ‘pick-up’ which tends to defective 
welding. 

The use of the wheel electrode is only possible if 
there is adequate clearance, which is frequently not 
the case. Consequently there is, in my view, scope 
for some advance to be made in this particular aspect 
of welding by some enterprising manufacturer. 


Mr. Gardner: The answer is “No”. I do not 
think I can tell you anything about the subject other 
than that the high conductivity copper alloys 
(conductivity 80°/,-85°/ pure copper) have been 
perfectly satisfactory for aluminium alloy welding, 
which requires the highest pressures (Rockwell 
Hardness 70- 80B). The life of an electrode is quite 
long, being measured in days, after which its shape 
must be restored by machining. Perhaps it would be 
relevant to say that the matter of electrode cleaning is 
an important aspect of the productivity of a welding 
machine. Using a_ conventional  spot-welding 


Fig. E 
Inner body assembly of a _ supersonic 
ramjet engine capable of performing at 
temperatures above 600°F. The rolled 
and welded skin is HK31 magnesium. 
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machine, where you have two electrodes coming 
together, it is a problem that after between 30 and 50 
welds you have formed an alloy between the copper 
and the aluminium cladding. This is a little pip 
which you must remove or it will grow quite rapidly 
and mar surface finish. Removal of this pickup 
causes an appreciable delay and loss of production. 
An innovation which makes the problem easier is a 
roller welding machine. This gives a great improve- 
ment in productivity, simply because it is not 
necessary to have the same pieces of copper in 
contact with the sheets all the time. In those 
circumstances, you could probably reckon to weld 
all day without bothering about cleaning the 
electrodes. It would probably be three or four days 
before you had to worry about any change of 
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electrodes, and then it can be done quite simply. The 
same electrodes can be used again after skunming. 


Mr. L. J. Bolton (Production Superintendent, 
Hydraulics, Sperry Gyroscope Co. Ltd.): 1 wish to 
put a point to Mr. Sheppard. I noticed in the film 
that the components were put into the tank in the 
horizontal position. I presume that this has some- 
thing to do with the gassing effect. If that is so, how 
do you go on when you have curved panels so that 
you cannot present the component into the tank in a 
way which will overcome the gassing effect? 

Secondly, I saw from the film that the operator 
was spraying on the resist, and it occurred to me 
that, although he was no doubt doing it fairly 
uniformly, there must be some variation in the 
thickness of the resist and some difference in the 
stiffness. Have you found any variation in the 
thickness and, if so, does it have any effect ? Are 
you thinking about some means of keeping a uniform 
thickness, particularly as the resist dries very quickly? 


Mr. Sheppard: In reply to your first question, 
it is preferable to do it in the horizontal position. If 
put in vertically, there is a tendency to get gas 
trapped along the top edge, which tends to lift the 
resist and give bad edges. 

I did not say that the resist dried quickly. I said 
that the strippable coating took about 10 minutes 
to dry. The resist is cured in an oven for about 30 
minutes at 120°C. or 130°C., or less if infra red is 
used. 

We had some trouble due to varying thicknesses 
with the spraying, but after a little experimentation 
the laboratory staff have now modified the mix and it 
gives us a little latitude which will cope with this 


difficulty. 


Mr. K. E. Cheverton (Structures Design 
Engineer, Bristol Aircraft Ltd.): Perhaps a design 
engineer might put a design question to Mr. Gardner. 
It is a question which relates to fatigue in spot- 
welding. I should like to know what sort of fatigue 
tests you have done. It occurs to me that you may 
get fatigue on a compression surface where spot- 
welding is used, particularly when the compression 
panel has a buckling skin. I should have thought 
that with an aircraft the size of the Herald, a buckling 
skin was probably used. Even if the skin is not 
buckling, there are the inevitable forces on the 
spot-weld due to eccentricities. I wonder whether, 
from the fatigue point of view, spot-welding is a very 
good means of holding two bits of metal together. 
Have you any experience of compression fatigue of 
structures, and also on shear panels if the shear 
panel is buckling ? I have seen cases where the first 
failure was the heads being pulled off the rivets by 
the buckling. and the same forces would affect 
spot-welding. 


Mr. Gardner : As to the types of fatigue test that 
we have done, there are two main cases. There is the 


wing case, where for convenience we have taken a 


268 


loading of 25% + 74% of the design load of the 
spot-weld, the sheets being in fluctuating tension, 
Under these conditions we got a mean endurance of 
about 1,000,000 cycles (more detailed results are 
shown in the graph opposite). I think Mr. Cheverton 
will agree that that is as good as you could expect 
from a well-designed riveted joint. 


The other type of test is the pressure cabin case, 
where the loading is from zero to maximum. Boeing 
and S.A.A.B. have done more work than we have on 
that case. Boeing’s requirement for a pressure cabin 
case is an endurance of 65,000 cycles under a stress 
in the skins of about 15,000 Ib./sq. in. However, they 
found that they could readily get a mean endurance, 
not of the 65,000 cycles that they wanted, but of 
125,000 cycles, which meant a very large safety factor 
over the life of a civil aircraft. That is the case where 
the spot-weld is doing the job it is designed for — 
simply carrying shear. 

Mr. Cheverton in referring to buckling has put his 
finger on the worst loading condition for welding. 











Undoubtedly, the fatigue failures that occur are 
nearly always in the area indicated, the crack 
emanating from the edge of the weld and going out 
to the sheets. Any “peeling” action between the 
sheets would accelerate failure. It would be a very 
bad thing if severe buckling occurred owing to 
the operating conditions of the aircraft in straight 
and level flight. If you are using spot-welding, that 
is a design condition to avoid. Our design methods 
are such today that it does not occur. 


(AuTHoR’s NoTE 


I am inclined to believe, however, that the spot- 
weld is no more vulnerable in this respect than the 
equivalent flush rivet). 


We have done some fatigue tests on our sandwich 
construction, which, under the conventional loading, 
buckles very little. In fact, you can say that it does 
not buckle. We applied this loading of 259%, + 74°, 
in compression on a section of this construction. 
Nothing at all happened for about 10,0000,000 cycles. 
Then we stepped up the loading until finally we had a 
loading where there was a certain amount of buckling 
taking place, and after about 25,000,000 cycles some 
failures started to occur. We went on for quite a 
long time then, and examined the failures afterwards. 
Some of the spot-welds already deliberately had 
shrinkage cracks in them, because that is one of the 
things that always worries people. (A shrinkage crack 
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was once thought to be bad from a fatigue point of 
view.) The specimen had about 30 fatigue cracks in 
it (none of which had led to failure because it was 
in compression). Half of them were in plain sheet 
remote from the spot-weld. All the rest except one 
emanated from the rivet holes. In just one case 
there was a crack emanating from a spot-weld. 


The reason why we feel very unconcerned about 
fatigue of spot-welds is that we have now tested 
about 150 gpecimens representing all types of con- 
struction on Victor and Herald aircraft, all of which 
have had a large number of spot welds in and have 
also had some other design features in the way of a 
structural joint. We have not yet had a failure for 
which the spot-weld has been responsible. 


Mr. H. G. Cole (Ministry of Supply): 1 should 
like to ask Mr. Gardner what precautions are taken 
to prevent crevice corrosion. 


Mr. Gardner: For spot-welds in clad sheets, 
even if no precautions at all are taken, we still have 
no evidence that you get any trouble. 


We have had a similar experience to the fatigue 
case. We have been concerned with a construction 
which is partly spot-welded and partly riveted, and 
we have done accelerated corrosion tests in which the 
outer surface only of the spot-welded joint has been 
painted in the normal way and no protection at all 
has been given between the two sheets. The corrosion 
when it has started has emanated from the rivet 
holes and the rivets and none from the spot-welded 
side. (See photographs on next page). 


If you feel unhappy about this state of affairs, there 
is nothing to prevent you from putting a corrosion 
protection between the two sheets. Strange as it may 
seem, this is a practical proposition. | Whatever 
corrosion protection medium is chosen is put between 
the sheets and spot-welded while it still wet. Provided 
that the spot-welding is done before it is tacky, the 
electrode pressure is sufficient to push the protection 


out of the way to make the spot-weld, and it is a 
perfectly sound spot-weld. Outside surfaces can, of 
course, be protected in the normal way. Some people 
who have done this are S.N.C.A.S.E., of Toulouse, in 
connection with the Caravelle. They have tried 
putting an Araldite adhesive between the surfaces, 
and then spot-welding them. The film is used 
primarily for protection against corrosion and_ to 
improve sealing, and not primarily to strengthen the 
joint. 


Mr. Wilkinson : I should like to support Mr. 
Gardner by saying that with magnesium we have 
spot-welded through wet films to protect the faying 
surfaces, with completely satisfactory results. 


Mr. P. A. Broadbent (Technical Assistant to 
Works Manager, Sterling Metals Ltd.) : I should like 
to correct a statement made by Mr. Wilkinson in his 
introductory remarks. The Ferguson tractor is painted 
completely all over. The coating he has referred 
to is not our normal cast finish. 


Going up into the clouds again, I was interested 
to hear from Mr. Wilkinson’s remarks that casting 
was a hot forming operation! I was rather disturbed 
to hear that the Americans seem to be better than us 
in their applications of magnesium in the aircraft 
industry. On the casting side — I am open to 
correction on this — I think the Americans can learn 
quite a lot from us if they want to. We have supplied 
to one customer about 8,000 magnesium castings a 
month from something like 600 different patterns. I 
do not think the Americans do anything like that. 


Also, I do not think the Americans do any com- 
mercial magnesium. Most of their magnesium 
founding is for the aircraft industry. Commercial 
work may not be of much interest to aircraft produc- 
tion people, but certainly it leads to greater 
production methods in the foundry world, and the 
Americans can learn quite a lot from us on that 
point. 
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Riveted surface. 





Close-up through corrugations. 





Spot-welded surface. 


These photographs of a completely unprotected specimen 
after accelerated corrosion test bring out more strongly 
Mr. Gardner’s point, made on the previous page. The condi- 
tions of test corresponded to at least nine years’ exposure 
to the atmosphere. Painted specimens exposed to the 
atmosphere for four years have shown no signs of corrosion. 
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I am now going to contradict something that | 
have already said by asking whether the designers 
in’ this country have ever thought of tackling the 
problems the Americans have tackled, with particular 
reference to Osbrink, in America, who casts large 
surface areas and thin sections of wings about 
4° square X }” thick as a casting? A lot of talk 
has been going on about methods of machining, 
spot-welding and so on. I wonder whether casting 
would overcome all these problems — or would it 
add more ? 


Mr. Wilkinson: If | said that the Ferguson 
tractor main transmission casting was not painted, I 
am sorry. I did not mean to say that. I believe I 
said that the castings on the Volkswagen cars are 
unpainted. I am aware that the Ferguson castings are 
painted. However,’ you always have a lot of tractor 
drivers with hobnailed boots, and the paint wears off 
at times. 


(AurHor’s Note 

In my opening remarks I instanced the Ferguson 
tractor and the Volkswagen as good examples of the 
use of relatively unprotected magnesium alloys with 
reliable service performance. I did this by way of in- 
troduction to the description of specialised protective 
schemes newly developed to meet the more rigorous 
service conditions now encountered in pressurised, 


high flying aircraft). 


I am grateful for the reference to tke American 
practice of making thin walled castings of large sur- 
face area. I have met Mr. Osbrink. I believe that he 
has got nothing which we in this country could not 
have, if we had at least one foundry which would 
take trouble in using high precision patterns and 
moulding methods. There is no secret in the job. 
It is a matter of taking care and running very thin 
sections over large areas, paying the operatives high 
wages and (justifiably) charging the customers high 
prices for single-piece components such as air brakes, 
etc. 


(AuTHOoR’s NoTE 

I am pleased to say that I am advised that we do, 
indeed, have at least one foundry in the U.K. which 
can undertake such work.) 


There has been a demand in this country recently 
for an assembly of magnesium components which 
have have been in production in the United States 
since Korea — Osbrink-wise. The powers-that-be 
here had two propositions put up to them. One was 
for an Osbrink duplication, and the other was a mixed 
construction of castings, chemically milled and welded 
to magnesium sheet pressings and extrusions. The 
powers-that-be have decided to chance their arm on 
the latter instead of the former, which I personally 
regret. I think it would have been a good idea to 
have encouraged some company in this country to 
go ahead and make thin walled castings. 

This American equipment has been in American 
service since Korea in such circumstances that the 
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whole of the structure, which includes some steel, etc., 
is periodically sluiced in sea-water. The equipment 
has been protected with the H.A.E. treatment and — 
no doubt with very good field maintenance — there 
has been no corrosion trouble at all. 


Mr. J. C. King (Assistant Chief Engineer 
(Development), Aircraft Division, English Electric 
Company Limited) : I would like to ask Mr. Gardner 
one or two points with regard to the application of 
spot welding to civil aircraft and the ensuing fatigue 
and inspection problems. 

Do you consider that spot-welded structures are 
compatible with “ fail-safe” design of civil aircraft ? 
In that connection, what thought has been given to 
the problems of inspection and repair? How easy are 
the cracks you have sketched on the board to find on 
inspection, in the field or at major inspections, and 
how will you repair them on the aircraft in service 
without taking off the complete panel? 

You mentioned, and I thoroughly agree, that rivets 
are not compatible with spot-welds in the same run, 
because of the stiffness problem and consequently they 
will not help in taking in shear. In view of the 
2°%%,-3% proportion defective, I wonder how many 
you replace in manufacture before you fit the com- 
ponent to the aircraft. 

In view of all these things, I am doubtful whether 
spot-welded structures of the type you have described 
can be designed on the “ fail-safe’ concept. Do you 
think it can be done ? 

There is also the problem of the inspection and 
repair of spot-welded structures. 

Apropos of the magnesium material, I should like 
to make one or two comments. Certainly the 
Americans appear to be using magnesium and 
magnesium alloy sheet to a greater extent than we 
are doing, but it is noticeable that they are doing it 
entirely on secondary structure. I think it may be 
that they are making use of the lower modulus of 
magnesium to enable the secondary structure to move 
out of the way of the deflections of the primary 
structure. One of the problems in designing secondary 
structure is that where it attaches to primary 
structure, you often find the secondary structure 
buckling and being damaged due to stresses and 
strains in the primary structure. 

I also noticed, in connection with Mr. Wilkinson’s 
lecture, that with the new magnesium alloys, though 
they give higher proof strength and higher ultimate 
strength, there is still a low limit of proportionality, 
and the tangent modulus is low. That, I think, will 
detract from the use of these alloys to any large 
extent, unless the limit of proportionality can be put 
up to nearer the proof stress. 


Mr. Gardner: Are spot-welds compatible with 
the “fail-safe” idea ? We have not designed on the 
“fail-safe” concept. Our aim has been that you 
should not get a failure within the life of the part. 
However, I have spent a little time sitting watching 
fatigue cracks growing under test on structures typical 
of what we have on the Herald and the Victor — 








and you have to sit and watch for a long time. 
Perhaps half of the life of the specimen is spent with 
the crack slowly progressing. I have never known 
the cracks to start from a spot-weld. Normally, when 
they reach a spot-weld they halt for a while. Thus, 
although not intentionally, these structures can be 
regarded as “ fail-safe”. 

I must be frank. From the “ fail-safe” point of 
view, there is a possible disadvantage. If you have a 
sheet riveted to a stringer and you have a crack 
progressing along the sheet, it cannot find its way 
down the rivet into the stringer, but if it is spot- 
welded I believe it might. From a “ fail-safe” point 
of view, that might be a disadvantage of spot-welding. 

From the point of view of inspection and repair, 
repair cases must be taken individually. If it is a 
skin-stringer combination and for some reason some of 
the spot-welds become damaged in some way, then, 
since the spot-weld is not really carrying shear but is 
holding the skin on the stringer, there is no objection 
to putting in rivets. We have encountered this 
case once or twice when we have wanted to make an 
alteration on a test specimen. By taking one stringer 
off and putting another on, it can be done. The 
spot-welds can be taken out of the stringer with a 
rotary file till a smooth surface is obtained, and then 
half-pitch rivets can be put in to hold the new 
stringer. 

With regard to inspection, I think you probably 
mean inspection with respect to fatigue failures. That 
is a problem which is peculiar to the sort of con- 
struction that you have. We have a construction 
where concealed failures are possible, and we have 
done a certain amount of work on radiography of 
cracks, and we believe that it can be quite successful. 
I do not think this problem is peculiar to spot-welding, 
however. 


Mr. Wilkinson: I thank Mr. King for 
mentioning the tangent modulus. It could not 
possibly be claimed that magnesium sheet should 
be used in pure tension instead of the higher strength 
aluminium alloy sheets. The modulus of magnesium 
is low. The limit of proportionality is low. The 
higher the sensitivity of your extensometer, the lower 
is the limit of proportionality. 

The main point about using magnesium sheet is to 
gain stiffness. The modulus of magnesium is 64 
million Ib./sq. in. as against 10 million for aluminium 
and 30 million for steel. Therefore, you have to 
stiffen your magnesium by increasing the depth of the 
section. This rarely arises for castings because, apart 
from Osbrink, the wall thickness of a casting is 
usually rather thicker than it need be stress-wise, but 
for extrusions and sheets you have to increase the 
moment of inertia, and that increases in proportion 
to the cube of the depth of a section, or thickness of 
a sheet, and only in linear proportion to the width. 
Therefore, with the low specific gravity of magnesium, 
1.8, you can obviously do it (if you have room to do 
it) with a beam. With sheet it is purely a matter of 
thickening up the sheet to get the stiffness, and you 
generally have room to do this! 
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Mr. Gardner : I did not completely answer Mr. 
King’s question about the 2%-3% defective pro- 
portion and what we do with it. We have proved 
by test that normally a proportion of 2%-3% 
defective welds in a large panel with, say, 3,000 welds 
is not of any importance, but there is occasionally 
a case where it occurs in a critical area. Each case 
must be taken on its merits. If there were two 
adjacent spot-welds absent or very much _ below 
strength, it would be possible, if there was room, to 
half-pitch spot-welds between them. If the pitching 
is already the minimum, it is possible to spot-weld 
over the defective ones. (This is a special technique.) 
Shrinkage cracks are rare, but, looking at a plan view 
of a spot-weld, if you had a crack which had reached 


the extent shown and was getting near the edge of 
the spot-weld, we would say that there is nothing for 
it but to drill the spot-weld right out and put in a 
plug. 


Mr. King: If I might reply to the point about 
stiffening, you do not stiffen a sheet if the moment 
you stress it the stiffness drops off, which is what 
happens with the low limit of proportionality. 


ADDENDUM BY Mr. GARDNER: 


It has been my aim to dispel all doubts that spot- 
welding can be made reliable. I should have pre- 
ferred to deal more fully with the process itself. To 
those who distrust spot-welding, however, this would 
be of little interest. 


I was pleased that the discussion aired the three 
doubts which most frequently occur to aeronautical 
engineers when considering spot-welding. The three 
bogeys are “waistcoat unbuttoning”, corrosion and 
fatigue. Ample evidence is available that good spot- 
welds properly used give no trouble from any of 
these causes. This has been proved by laboratory 
tests and by service experience. 


It is obviously possible to run into trouble by 
misusing the spot-welding process. This is also true 
of aeroplanes themselves. Past failures no more prove 
that spot-welding is unreliable than that aeroplanes 
are unreliable. 

If some firms (such as Boeing) have obtained good 
service from spot-welding while others have had 
nothing but trouble, the only possible conclusion is 
that Boeing are using the process effectively while 
the others have misused it. 
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Mr. F. C. Bartlett (Production Director, 
Heathway Engineering Co. Ltd.): Certain of us are 
not actually engaged in aircraft construction and are 
rather in the dark about what is meant by some of the 
things which are talked about and how far they go in 
application. After the impression which Major Teed 
gave me yesterday, I feel like making a vow never 
to travel in an aircraft again, and I am certain that 
was not the intention. In all humbleness, I suggest 
that would-be contributors should give a little thought 
to that aspect in relation to letting us know to what 
degree some of these things are being applied to 
aircraft. 

I take it that you wish to have at these Conferences 
a good cross-section of people concerned with 
industry in one capacity or another. From that point 
of view, I should like to see tooling brought up in a 
Paper every year, or dealt with in the form of a 
brains trust at the end of the session. 

Herr Frydag dealt with the question of 
concentrating on fewer types of aircraft, and 
reference has been made to making research more 
centralised. This will become more important, and 
I feel that the Southampton Section is doing a good 
job in these matters. 


The Chairman: Perhaps I, as an impartial 
Chairman, might answer the remarks which have just 
been made. I hope you will go away feeling happy 
about flying in aircraft. 

You would be surprised at the surface finish that 
we have to achieve on modern high strength alloys. 
It would be true to say that on machined items we 
scour them all over and try to achieve a surface finish 
of between 12 and 14 micro-inches. 

Mr. Bartlett mentioned tooling. The most 
important thing we have to do is to throw tooling 
away, which is the most important reason for 
numerical control. 

On behalf of the Institution, I thank our three 
speakers for the Papers which they have presented 
to us. 


The vote of thanks was carried by acclamation. 





CONFERENCE SUMMING-UP—(conclusion) 


regard to the particular Paper or discussion. That 
may not be original, but I feel that very often we 
have to get away from the stereotyped approach to 
Conferences of this nature. 


The Chairman thanked the University for pro- 
viding accommodation for the Conference, members 
of the University staff for their assistance, the 
Authors of Papers and contributors to the discussion, 
and members of the headquarters staff, including 
Miss Grover, Mr. Woodford’s secretary, and Miss 
Bremner and her staff. 


The Conference then terminated. 
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CONFERENCE SUMMING-UP 


by H. G. GREGORY, Chairman of Council. 


Chairman: D. L. WIGGINS, M.I.Prod.E. (Chairman, Southampton Section). 


ee ond of all, the theme of the Conference was 
‘“New Materials—New Methods”. Frankly, have 
any new materials been introduced to the Conference? 
You might say that you did not expect any to be. 
Nor did I. It is not necessary for an industry to 
wait for a Conference of this sort before it announces 
any new departures in the way of materials. 


In his Paper, Mr. Wilkinson emphasised the 
importance of magnesium alloys. References have 
been made to the quantity of magnesium being used 
in the United States and by Volkswagen in Germany. 
The question which confronts us is why so much 
more of this material is being used in those two 
countries than in Great Britain. In the back of our 
minds we think we know why we do not use so much 
of it. This is prompted by such questions as corrosion, 
inclusion problems or the difficulties of hot forming 
and manipulation, in which field I do not think 
that sufficient applications have been made. How- 
ever, as was rightly asked by the Chairman of the 
session, is it a fact that not enough salesmanship is 
being exercised in respect of this all-important 
material? If such large quantities of this material are 
being used in the United States and Germany — and 
we have no reason to doubt it—then there is a 
question which has not been answered. 


Major Teed, in a very amusing and very well 
presented Paper, gave us a restatement of things in 
relation to surface finish, the importance of pre- 
stressing and other aspects of the problems of fatigue. 


There is no doubt that the skill of the designers 
is very often lost in the approach that we have from 
a production engineering point of view. Again, I 
think that is something that we should bear in mind. 
I think the example given by Mr. King was strictly 
a production engineer’s responsibility. 


I think there is also a question whether more time 
ought not to be spent in perfecting known materials. 


Mr. Puckle’s Paper on the numerical control of 
machine tools was a very comprehensive survey and 
one which created a very brisk and lengthy discus- 
sion. Listening to the discussion, it struck me how 
important it was and how little was known about this 
all-important subject. The Institution is grateful 
for the contribution of Mr. Booth in respect of that 
Paper. 


The question “ What is the difference between a 
digital computer and an analogue computer”? has 
not been answered here, but a famous professor was 


asked that question and he replied “If you feed in 
the words “ Marilyn Monroe” to a digital computer, 
you will be given the figures 36, 24, 36; but if you 
feed them into an analogue computer, you will be 
given the answer in the form of a shape”. 


Mr. Gardner’s Paper on spot-welding was interest- 
ing. It gave us further advances. But, as he said. 
I wonder whether we have any more confidence in 
resistance welding at all. Our company uses very 
little spot-welding in primary structures, although 
we may in secondary structures, but the fact remains 
that as engineers we are not altogether completely 
convinced that it is 100 per cent. reliable, and re- 
liability is an essential and fundamental characteristic 
of our industry. 


Mr. Sheppard’s Paper was a first-class one. As he 
said, the process of contour etching has its limitations. 
But we have heard so much about this in the United 
States and elsewhere that it is at least gratifying to 
know that a really scientific approach to this all- 
important process is being adopted and that he has 
come along to our Conference to tell us about his 
experience. I am sure it will not be the last that we 
shall hear from that source of information. 


It is rather difficult for me to comment on Herr 
Frydag’s Paper. After all, it was not a Paper to show 
us why we won the War. That was used incidentally, 
I think, to emphasise his point, and that was con- 
centration of effort. Whether we agree with him or 
whether we do not is something that I must leave 
to you, but I feel that often the solutions to these 
problems follow the natural course of evolution, and 
if some go to the wall, there must be a reason for it. 
I do not wish to comment on his Paper, except to say 
that I feel that it is of great value to get the other 
person’s point of view. 


The opening addresses were splendid. The Mayor 
had a very good brief. The Minister did the Institu- 
tion a great honour in attending and giving his 
address. os 


Finally, I thank the Southampton Section for 
organising the Conference. In this we should always 
have forward planning in mind. At this Conference 
we want to anticipate the problems with which we 
may be confronted. It is also important to en- 
courage our young engineers to attend. 


As a suggestion, perhaps in future we might accept 
the Papers as read and then throw the Conference 
open for discussion and publish only our findings in 

(concluded on previous page) 
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PRODUCTION ENGINEERING AS 
A TRAINING FOR MANAGEMENT 


by H. SCHOLES, M.A., Grad.I.Prod.E. 


SYNOPSIS 


Industry, with its greater complexity, is demanding higher standards from its 
managers. ‘This Paper attempts to analyse the problem and suggest a possible 
answer, by first defining the professions of production engineering and management. 
Then, the source of men and their training to fill these positions are discussed. The 
combination of the personal qualities and technical abilities used in the practice of the 
profession of production engineering suggests that here is the manager of the future. 


INCE the end of the War in 1945, Great Britain 

has experienced a complete change in the field of 
education and training. In the education of the 
child, this has been possible by the Education Acts 
of 1944 and 1945; in the education of the man, 
this has been due to a re-appraisal by industry and 
the academic world of the need for, and possibilities 
of, vocational training (using “vocational” in its 
widest sense). 

This Paper is concerned with two vocations 
(namely, production engineering and management) 
out of many, yet two whose importance to and status 
in the nation has grown tremendously during the 
past 15 years. Because of this, both these fields have 
been subjected to an intense spotlight since the War, 
usually separately, but sometimes their inter- 
relationship has been acknowledged, for example, in 
the Anglo-American Productivity Reports. 

Looking back through past issues of the Journal 
of the Institution of Production Engineers, one finds 
many references to the training of production 
engineers. It is fit and proper that the Institution 
should, in setting the standards for the profession, also 
take a lead in discussing ways of reaching and 
improving on those standards by better training. 

The engineering institutions have also tried to give 
an introduction to management subjects, by bringing 
in Industrial Administration as part of the qualifying 
examinations. The British Institute of Management. 
by exhibitions and publications, has also propagated 
the need for better education and training for 
management. 

The purpose of this Paper is to discuss the two 
fields of production engineering and management. 
their inter-relationships and overlapping ; the source 
of men in these fields and how to train them ; the 
application of that training to their work. 
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Definitions 
(a) Production Engineering 

In all case studies, be they human or technical, or 
in fact any problem, the most enlightening stage is 
usually that induced by the advice: “State the 
problem”. This causes so much thought that one 
often finds the apparent problem is not really the one 
which must be solved, but is just a symptom of an 
underlying cause. The problem here is to define 
production engineering (and later, management), but 
the underlying cause of the difficulty is the vague 
terminology of industry. What I understand by a 
production engineer may be your works manager, 
or your industrial engineer, your methods engineer, 
or your process chemist. 

The Institution of Production Engineers defines a 
Production Engineer as “one who, by reason of 
education, training and experience in technology and 
management, is competent to determine the factors 
involved in the manufacture of commodities, and to 
direct the productive processes to achieve the most 
efficient co-ordination of effort, with due considera- 
tion to quantity, quality and cost”. (Note the 
references to management and economics.) 


The Georgia listitute of Technology defines the 
professional field of Industrial Engineering as “a 
classification title for engineers who supervise produc- 
tion departments of manufacturing plants, layout 
machinery and apparatus, and determine flow of 
work for the most efficient production ; conduct and 
interpret time and motion study, devise means and 
set up programmes to curb industrial accidents and 
fires, set up personnel policies and procedures and 
evaluate jobs, and devise and install accounting and 
inventory control systems ”. 


The Anglo-American Council on Productivity 
Report on “Industrial Engineering” defines 
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Industrial Engineering as “the application of basic 
scientific and engineering knowledge and certain 
analytical techniques to the methods of operating an 
organisation in industry and other appropriate fields. 
It requires investigation into the economic 
advantages of one policy as against another and 
implementation of the most suitable procedure for 
raising productive efficiency. ‘To achieve this end 
performance and costs need to be checked 
constantly ”. ae wee 

This is very similar to the Institution’s definition 
of Production Engineer above and is the definition 
to be taken in this Paper. The introduction of the 
term Industrial Engineer is quite deliberate : it shows 
the uncertainty of definitions within the profession 
of production engineering and also widens the scope 
of the production engineer himself. ‘Too often, in 
Great Britain, the term “ production engineer ” really 
means “ tooling engineer”. If a production engineer, 
with the opportunities of broadening his field of 
activities, is deliberately confining himself to tooling 
problems, he is neglecting the chance of wider 
experience and a fuller career. 


(b) Management 


“What is this management ?” wrote Sir Walter 
Puckey ; in spite of, or perhaps because of, the 
increasing number of books on the subject, the 
definitions of a manager are many. To me he may be 
the factory manager, to you the departmental 
manager, or the owner of a firm or the man in the 
shop round the corner. Today, most authorities are 
agreed on the separation of the managerial function 
(whatever it may be) from the entrepreneural 
function, which were often combined in the last 
century. 

Sir Owen Wansbrough-Jones defines management 
as “the control by the few of the operations of the 
many” ; E. F. L. Brech as “ a social process entailing 
responsibility for the effective planning and regulation 
of the operations of an enterprise, in fulfilment of a 
given purpose or task, such responsibility involving :- 

(i) the installation and maintenance of proper 

procedure to ensure adherence to plans ; and 


(ii) the guidance, integration and supervision of 
the personnel comprising the enterprise, and 
carrying out its operations.” 

Peter F. Drucker, in defining the work of the 
manager, analyses five basic operations, namely :- 
‘““A manager sets objectives. 
A manager organises. 
A manager motivates and communicates. 
A manager establishes measuring yardsticks. 
A manager develops people.” 


This is the definition of management activity which 
this Paper will use, and is, in fact, very similar to 
that of Sir Ewart Smith, who defines management as 
“the organisation and control of human activity 
directed to specific ends”, which emphasises the 
organisational, the measuring, the human and 
motivating, and the objective aspects again. 

These are the things which a manager does as a 


manager, whatever else he may do at work: this is 
the analysis of his: managing. 


The Human Aspect 
(a) Production Engineers 


Looking back at the definition of production (or 
industrial) engineering in the last section, the reader 
will realise that I am discussing here the person per- 
forming the functions described, whatever his actual 
title may be. One can assume that the Institution 
of Production Engineers attracts to its junior grades 
those young engineers interested more in production 
than design or sales engineering: of the graduates 
and students, approximately 80°/ enter via the 
technical college, the majority of the remainder being 
university-trained men. Thus 80°/ will have had 
primarily a practical, and 20% primarily a 
theoretical, training. 

I do not know if any analysis of junior members by 
size of firm has been made: in view of the greater 
number of small firms in Great Britain, one would 
expect to find large numbers of members from small 
firms. From experience, I would say that junior 
members are divided between those occupying junior 
to middle positions in production engineering depart- 
ments of large firms, and those holding relatively 
senior posts in small firms. The latter may ‘in fact be 
holding managerial jobs. 

Ability to rise to the position of a production 
engineer depends on so many things: academic 
training, practical experience, character, encourage- 
ment and opportunity. The general opinion at the 
recent Graduates’ Conference on “ Education and the 
Production Engineer ” was that the university is not 
the best place to begin for a career in production 
engineering. Yet Professor J. V. Connolly, in dis- 
cussing those taking the Higher National Certificate 
in Production Engineering, comments : “the people 
that the Institution of Production Engineers 
naturally recruits tend to be those who feel 
themselves unable to clear the more difficult hurdle ” 
(i.e. the Mechanical or Electrical H.N.C.) “ This is 
clearly not the best type of student for the most 
exacting job of bringing up the levels and standards 
of production in this country”. 

Being a Graduate member of the Institution and 
knowing many Graduates, I cannot support this 
view. The moral is that all kinds of people make 
production engineers, of all levels of ability. 


(b) Managers 


The best source of managers is of much interest to 
the country in general and firms in particular. Unless 
one is introduced into the family business, most men 
begin by climbing up a functional ladder until one 
day one finds oneself a manager of some grade or 
other. The process is gradual and usually unnoticed : 
this often can have unfortunate effects on the man, 
who will still retain an over-large share of the 
functional details and refuse to manage. In his 
Paper, referred to above, Professor Connolly shows 
two graphs of the distribution of duties with age 


275 








showing roughly the transition from, in this case, 
technical men to administrative work with increasing 
age. 
A B.I.M. publication states that, in general: 
“Industry draws its future managers from three main 
sources :- 

Graduates recruited from universities and 
technical colleges. 

Non-graduates recruited from those with no 
academic qualifications, but with a wider 
general experience gained in the services or 
in employment in industry or other walks 
of life. 

Employees from within an undertaking or 
industry who are recognised as possessing 
management potential.” 

Later, the same publication discusses the sources 
of recruitment in detail, and comments : 

“Industry has found that the university graduate, 
whatever his degree course, but provided he has the 
right personality, is of substantial value in manage- 
ment, once he has absorbed the atmosphere of 
business. 

“The young men of 20 plus who have stayed at 
school to 18 plus, and who enter industry after 
National Service, may now contain a good proportion 
of the type of potential management recruits who 
would in prewar years have almost certainly been 
looked for among non-technical university graduates.” 

Of the nine firms contributing to this publication, 
four employ under 5,000, five over 5,000 people, 
and in general, it is the larger firms who deliberately 
recruit young men for development as potential 
managers. 

In the U.S.A., according to the A.A.C.P. Report on 
“Education for Management”, “to be a_ high 
industrial executive in America is not only eminently 
respectable, but socially desirable. It is a prevailing 
opinion that business attracts the best talent from 
educational institutions, whereas in Britain there is a 
strong tendency for the best students to find their 
way in to the Civil Service and the professions 
generally ”’. 

Most managers in Great Britain seem to come up 
what is known, grimly, as the hard way, although 
the effort put in by young men today in study and 
practice is far from easy. To develop managers 
for the future, more study will have to be made of 
management and its techniques by the managers 
themselves : to persevere with that they will require 
the same strength of character as managers of today 
have shown in their careers. 


Education and Training 
(a) Production Engineers 

Can any more be said on the training of production 
engineers ? The Institution has discussed it at length 
in Section meetings, in the 1954 Sir Alfred Herbert 
Paper by The Earl of Halsbury, in leading articles in 
the Journal of the Institution, after-dinner speeches, 
and the Graduates’ Conference at Liverpool. 
Recently the Government's White Paper on 
“Technical Education” was published, in February, 
1956. 
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The position today would appear to be this: there 
is a shortage of all technologists who are defined in 
the White Paper as those qualified to hold corporate 
membership of a professional institution, and who 
not only can apply the known technology, but may 
be expected “to push forward the boundaries of 
knowledge in his own field”. Given such a shortage, 
how can we as a country, in view of the larger ratio 
of technologists per million population in competitive 
countries, provide more technologists without 
reducing standards? 

The answer proposed in the White Paper for 
technologists which, of course, includes the 
production /industrial engineer, is to increase the 
opportunities for full-time and sandwich courses ; to 
endorse the award (at degree level) to be given by 
the National Council for Technological Awards ; to 
develop colleges of advanced technology, who should 
themselves increase the volume of advanced work ; to 
encourage an increase in the supply and quality of 
technical teachers, and to encourage . better 
technical library facilities. All these, of course, are 
very important and necessary if men with the ability 
and training are to be ready to face the increasing 
complexity of modern engineering. 

But what of the content of the course ? At the 
Graduates’ Conference at Liverpool, many speakers 
thought that the basic purpose of education was to 
teach one to think. I do not intend to distinguish 
between education and training, but taking the fields 
of technology, it seems that acquisition of knowledge 
is the primary reason for study. The ability to apply 
that knowledge is a different and more difficult art. 

Then, referring back to the definition of production 
or industrial engineering, it appears that as well as 
the basic technology required, the ability to use 
analytical techniques is most important. In con- 
sidering problems, the production engineer should be 
taught to :- 

analyse the problem and, after considering all 
aspects should synthesise possible solutions and from 
these, optimise for the available conditions and apply 
it. Then check back the result to the original analysis 
by comparative measurement ; a mental feed-back, 
in fact. 

The logical subjects to develop the analytical 
faculty are, I suggest, mathematics and economics, 
but, most likely, what one may call their industrial 
derivatives, namely, statistics and accounting, will 
prove the practical tools. These are not the 
“management subjects” required for Higher 
National Certificate endorsements and then forgotten; 
every field of production engineering will benefit from 
their study. 

Education for production engineers needs to be 
broadened and, like all learning, should never stop. 


(b) Managers 

Anyone wishing to discover how to become a 
manager can find numerous books for reference on 
how to train for management. Many good 
authorities have distilled the principles of manage- 
ment which are given, in effect, in the definition 
above. But as the liberal or classical education of 
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old was the preparation for a full life, the study of 
the principles is merely a preparation for the 
maturing of experience of managing. To set objec- 
tives for one’s own department or factory, to organise 
the means of achieving that objective, to motivate 
one’s subordinates to attain the objective, to measure 
the achievements, to develop people; this is the 
education for management. 

But the benefits of study must not be belittled ; 
study both in management tools such as accounting, 
work study and economics to improve one’s 
technology of management and study to develop 
other interests and a fuller life — to improve one’s 
personal qualities (62°/, of a manager’s requirements, 
according to Sir Walter Puckey). 

The efficiency of a firm or of a country is a reflec- 
tion of the ability of its management and virtually all 
the A.A.C.P. Productivity Reports commented on the 
relationship of good management practice to produc- 
tivity. The report on “ Education for Management ” 
noted in particular the large number of graduate 
business schools and those offering first degrees in 
business and commerce. 

“There is a quality in management, inspired by 
this climate of opinion, and stimulated by the Ameri- 
can system of higher education in general and, in 
particular, by that part of it which is devoted to 
administrative studies ”’. 

“The majority of efficient American firms are 
convinced of the practical value of these develop- 
ments ”’. 

In most large firms in Great Britain, the training 
of men assumed to be capable of management 
developed follows a similar pattern; namely, a period 
going through most activities of the business and 
part-time study of “management subjects ”, followed 
by a position in his chosen field where he must find 
his own way. ‘The periods in a department whilst 
under training are often enlivened by a project to 
be reported on at the end of one’s stay. What bene- 
fit these projects are to the department is sometimes 
doubtful, but they do stimulate interest in the trainee. 

In smaller firms, the opportunities for comparatively 
quick promotion are rare and there is less organised 
education for management, at least within the works. 
No doubt in the family business, the son who goes 
through the works is following the same cadetship as 
some trainee in a larger firm. 

To sum up then, although there is no substitution 
for the experience of management, formal education 
for management could be greatly enlarged in Great 
Britain. 


The Practice of the Professions 
(a) Production Engineering 
The organisation of the field of production /indus- 
trial engineering and therefore the practice of the 
profession, depends on the firm and the individual. 
The size of the firm has obviously an important 
bearing on the organisation of the department and 
determines whether a large number of people in the 
field is employed, or whether one person is given the 
responsibility for the function alone. There are the 
two extremes, the one with many specialists and the 


other holding a position which entails responsibility 
for many activities. 

In the U.S.A., from the many Productivity Re- 
ports, the field of production engineering, under 
various titles, covers a wide range of activities such 
as: preparatory planning, tools and fixtures, stand- 
ardisation, production control, layout and materials 
handling, work study, financial incentives, suggestion 
schemes and safety precautions. In very few British 
large firms is such a varied programme maintained 
by one department; yet production engineering is the 
engineering of production and these activities above 
cover the preparation and achievement of plans, the 
improvement of doing things, and the consideration 
of the human beings who achieve these plans. 

These activities are funnelled in to the routine 
work and the project work. In the day-to-day 
decisions, the engineer is judging the best of many 
choices, trying to obtain the best balance — in terms 
of operational research, he aims at optimisation of 
his resources. In project work, the engineer must 
make detailed analyses of alternative courses of action. 
The more information he has, the better his decision 
will be, for the intuitive decision on incomplete facts 
is not the best way to do things. In this country, the 
most important consideration will be the economic 
one, for most firms must make a profit to exist. “Will 
it pay’? is the criterion, and to find this out, close 
co-operation with the accountants is important. 

Thus in the practice of production engineering the 
analytical approach, the exploration of alternative 
courses of action, the decision on the best (usually the 
most economical) way, all play their important part. 


(b) Management 

If it appears that I have underestimated the im- 
portance of the human side to production engineer- 
ing, that is the one thing a manager must not do. His 
whole activity is influencing people, by example and 
leadership, to adhere to the plans he has prepared. 
Today the manager is influenced greatly by technical 
changes and thus he should appreciate the tech- 
nology of his particular firm, but his important need 
is the ability to communicate his wishes, plans, 
enthusiasm and example to his subordinates and 
colleagues. One authority commented that the near- 
est approach to a purely vocational course for 
managers was a course in essay writing and poetry 
reading, introduced to “liberalise” a technical 
course. 

A manager’s fields of activity as a manager are 
covered in the definition above. He plans, controls, 
co-ordinates and motivates, i.e., leads and inspires. 
He may also file a tool (craftsman), pay the wages 
(wages clerk), follow-up some supplies (buyer), placate 
a customer (salesman), but this is not management as 
such. This Paper has tried to separate the manage- 
ment activities from the other necessary and urgent 
jobs often done by the manager; in his managerial 
sphere. the manager must analyse the information to 
develop his plans; he must communicate with his 
people; he must measure the achievement of his 
efforts and apply corrective action. The manager 
must have time to think. 
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Conclusions 

The manager of today and the future needs to be a 
full man in the sense that he must be adequately 
prepared by general education, formal training and 
experience for the job he will do. He needs a scientific 
approach to and method in attacking problems. He 
needs wide knowledge to realise the implications, to 
the firm and to the community, of his actions. He 
needs the ability to build a team spirit in his dealings 
with colleagues and subordinates. He needs to 
measure his results. 

I suggest that a professional production engineer 
has had the kind of experience necessary to meet 
these needs. He has had a scientific training; he 
should be using a scientific approach to problems; 
in his work he must deal with virtually the whole 
team within a firm; he measures the effectiveness of 
his work; he realises the impact further advances in 
production engineering technology towards automa- 
tion will have in society. 

With science as the “liberal arts” of the future, 
there will be no more talk of the scientific man as 
an inarticulate technician. The manager of the 
future must be articulate and technical. 
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REVOLVING FUND FOR INDUSTRY 


Three years ago a £700,000 Revolving Loan Fund 
for Industry was established, as a part of the Con- 
ditional Aid programme, for the purpose of increas- 
ing productive efficiency in industry. Since then, 
engineering, plastics, printing, textile and clothing 
firms are among those which have benefited through 
loans from the Fund. 


The Fund provides short-term loans to enable 
suitable small manufacturers to buy up-to-date equip- 
ment and adopt modern techniques. It does not, 
however, provide funds for building work. In order 
to spread the benefits of the Fund as widely as 
possible, loans of more than £30,000 are not normally 
given, but no fixed maximum or minimum amounts 
have been laid down. 


The Board of Trade state that increases in pro- 
duction and substantial savings in labour and material 
have been reported by firms who have been able to 
improve efficiency as a direct result of assistance from 
the Fund. 


The major part of the Fund has been issued or is 
under negotiation, but as the Fund operates on a 
revolving basis the amount available for further loans 
is continually being supplemented as repayments are 
made and the Board of Trade are ready to consider 
further applications. 


Further details of the Fund can be obtained from 
the Board of Trade, 1.M.2 Division (Revolving Fund 
for Industry), Horse Guards Avenue, London, S.W.1. 
(Telephone Trafalgar 8855, Ext. 2382) or from the 
Regional Office. 





THE FACTORIES ACTS—(concluded from page 283) 


down of the equipment before danger develops, or 
alternatively, warning alarms can be brought into 
action. This aspect of safety requires to be kept to 
the fore. since there is the understandable tendency 
in design to concentrate on the production aspect and 
rather overlook the safety aspects. 


The thought I would like to leave with you is the 
important part that you, as production engineers, can 
play in accident prevention over the whole of the 
industrial field, by having regard to safety in the 
design and manufacture of your products, whether 
it be merely a component, a machine, a piece of 
plant or some major work of engineering construction. 
At least, one can then rely on the tools supplied to 
industry being intrinsically safe instead of being 
potentially dangerous, and on there being less likeli- 
hood of any guard being interfered with, than would 
be the case if the guard had be added subsequent to 
manufacture. Certainly, on machinery more 
accidents happen because of the failure to maintain 
guards in position, than in the failure of the employer 
to provide them originally, 











THE FACTORIES ACTS— 


HOW THEY AFFECT ENGINEERING 


ESTABLISHMENTS 


by SIR GEORGE BARNETT, 


H.M. Chief Inspector of Factories. 


Presented to the N.W. Region of the Institution, in Manchester, 23rd April, 1956. 


| i will be readily appreciated that in the time 
available it is not possible to cover the whole of the 
Factories Acts. What I propose to do, after a brief 
introduction, is to pick on some points which may be 
of particular interest. 


Nowhere in the Factories Acts or Regulations is an 
engineering establishment defined. There is a 
reference to it, for example, in the term “ Works of 
Engineering Construction”, and it is mentioned in 
one or two odd places, but it is not defined. The 
term “engineering works” is presumed to be 
sufficiently well understood not to require definition 
and for the purpose of this talk, an exact definition 
or even an understanding of the term is unnecessary. 


The general purposes of the Factories Acts are, of 
course, to ensure a certain standard of health, safety 
and welfare in certain industrial establishments, 
operations and processes and to exercise control over 
the employment of persons in such establishments, 
operations and processes. 


Broadly speaking, the Act applies to any premises 
where articles are made, altered, repaired, orna- 
mented, finished, cleaned, washed, broken up, 
demolished or adapted for sale where that is carried 
on by way of trade or for purposes of gain. Size is 
not a deciding factor; every place where such work 
is carried on is a factory if anyone is employed there. 
In fact, there are some 230,000 factories in this 
country and more than 82°/ actually employ less 


than 25, 


All the provisions apply to what are generally 
known as factories, but certain of them are extended 
to building operations and works of engineering con- 
struction, i.e., defined types of civil engineering, as 
well as certain processes on docks with which we are 
not concerned here. 


At the present time the Factories Act is comprised 
in the principal Act of 1937, which was amended to 


a small but important extent by the Act of 1948. In 
addition to the Act, there are, of course, a large 
number of orders and regulations. 


It is rather characteristic of factory legislation in 
the U.K. that it has grown up in this piecemeal sort 
of way. In 1878 Viscount Cross, who was then 
Home Secretary, stated in the House of Commons 
that factory legislation was so complicated that he 
defied even a lawyer to understand or tell anybody 
where they stood so far as it was concerned. That 
was the year of the first consolidating Act. Since 
that date there have been various consolidating Acts. 


First, let me mention very briefly the parts of the 
Acts that I am not going to develop here. They 
cover such requirements as hours of employment of 
women and young persons, holidays, overtime and 
medical examination of persons under 18 years of 
age. Then, of course, there are the various welfare 
requirements which were originally introduced in the 
Police Factories (Miscellaneous Provisions) Act in 
the 1914-18 War, dealing with such things as washing 
facilities, accommodation for clothing, drinking 
water, First Aid and matters of that sort. There are 
in addition the general health requirements as to 
ventilation, cleaning of toolrooms, overcrowding, 
maintenance of reasonable temperature and an ade- 
quate standard of good lighting, There is also a 
miscellaneous set of safety requirements dealing not 
only with the safety of workpeople in case of fire, but 
safety in conditions of floors, passages and stairways 
and a safe means of access to work and so on. These 
are the general provisions of the Factories Act, since 
they cover all sorts of premises. They must be quite 
general and, because of that, it is important that there 
should be an enabling clause in the Act to deal with 
any special hazardous processes which may be carried 
on in factories and to lay down specific precautions. 


Section 60, which empowers the Minister to make 
regulations if he is satisfied that any manufacture, 
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machinery, plant, process, or description of manual 
labour, used in factories is of such a nature as to 
cause risk of bodily injury to persons employed in 
connection therewith, is a very important provision of 
the Act, and one which has resulted in the establish- 
ment of now well over 50 different codes of regula- 
tions. Some of them are quite extensive, running to 
100 and even more clauses. 


Having very briefly surveyed the general field, may 
I proceed to some of the points which I think will 
interest you most as engineers. and deal with them in 
a somewhat more definite and detailed manner. 


Important Health Provisions 


On the health side, for example, some of the most 
important provisions are the requirements in the Act 
designed to prevent the absorption into the body or 
inhalation of toxic or otherwise harmful materials. 
such as dust or fumes. In certain cases there are special 
codes of regulations dealing with this matter. 
Engineers will be familiar with the Grinding of 
Metals Regulations, and more recently the Iron and 
Steel Foundries Code, which specify particular 
methods whereby these hazards can be combated. 
But apart from these regulations, the Act contains 
certain requirements of a more general kind which 
have to be complied with wherever any process gives 
rise to such a danger. 


Basically, the first line of approach should be an 
endeavour to replace the dangerous substances by 
harmless ones. This is not possible very often, of 
course, but failing that an endeavour should be made 
to prevent access by the worker by enclosing the 
material, the dust or the fume, and the plant in which 
it arises. Failing this, the next approach is to trap 
the dust or fume as near as possible to the point 
where it is created and, by means of suitable exhaust 
equipment, prevent its escape into the general 
atmosphere of the workroom. 


If none of these methods is practicable, and dust 
or fume escapes into the atmosphere of the work- 
room, the general ventilation must be such as to 
prevent harmful pollution of the atmosphere. In such 
cases, it may be necessary for persons in such polluted 
atmospheres, especially those who are close to the 
source of dust or fume, to wear personal protective 
equipment. Finally, in certain cases it may be 
practicable to enclose the area where the dust is 
generated, although access by a limited number of 
workers may be necessary. Then the enclosure is 
fitted with exhaust draught in order to prevent escape 
of the dust or fume, and persons entering the en- 
closure must wear breathing apparatus which supplies 
them with clean air from the outside atmosphere. 


From the engineering works point of view, 
the principal application of this will be the 
removal of dust in grinding, fettling and polishing 
processes, the cleaning of metal surfaces by 
shot or other abrasive blast, either as a finishing 
operation or in preparation for some other treat- 
ment, and the removal of the dust and fume, for 
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example, in the preliminary foundry operations, 
These particular operations are subject to three 
special codes, the Grinding one already mentioned, 
the Blasting of Casting Regulations and the Iron 
and Steel Foundries Regulations. I mention these 
because they do exemplify the methods which I have 
just described. In the case of the Blasting Regula- 
tions, for example, the use of sand or other abrasives 
containing free silica is prohibited and the use of less 
harmful abrasives, i.e., steel shot or other types of 
shot, is thereby made obligatory. Secondly, under 
the Grinding Regulations, rumbling appliances, for 
example, have to be supplied with an exhaust which 
is applied internally, so that the dust cannot escape 
out into the air of the workroom. Thirdly, under 
both the Grinding Regulations and the Foundry 
Regulations, grinding and fettling equipment must 
be provided with exhaust equipment so arranged as 
to control the dust generated at the points of origin, 
to divert it into ducting and convey it into a collec- 
tion plant outside the premises. There is also the re- 
quirement in the Iron and Steel Foundries Regula- 
tions as to the control of dust and fumes by good 
general ventilation. That particular code came 
into force in 1953. 


We have had to fall back on that rather lower 
standard in certain cases because research work which 
is being carried out in connection, for example, with 
removal of dust at knockout and processes like that, 
has not yet been completed. I hope that before long 
the Industrial Research Association’s work will be 
such that we shall have solved the problem of re- 
moval of the dust by exhaust methods or other 
practicable means, and shall not have to fall back 
on this less satisfactory system of having a high 
standard of general ventilation. From the health 
point of view, that is obviously not a satisfactory 
standard. It is difficult to control and there is bound 
to be a polluted atmosphere generally about the 
shop. Then, finally, under the Blasting Regulations, 
there is the example of the blasting chamber which 
the operator enters wearing a protective helmet 
supplied with air from the outer atmosphere. 


The Safety Aspect 


Dust and fume, and methods for their control, 
even in engineering works are matters of extreme 
importance. I now propose to look at some of the 
safety provisions of the Act and Regulations insofar 
as they affect the equipment of the engineering 
works. 


Cranes form one piece of equipment common to 
most engineering works and at any rate there is the 
associated equipment which I suppose is in every 
engineering works — pulley blocks, winches, chains 
and other items of tackle. The requirements of the 
Act with regard to this type of plant are that all 
such plant must have been tested and examined be- 
fore being taken into use and certificates of a test 
examination obtained. Then there have to be periodic 
examinations, not less frequently than six months in 
cases of certain equipment and twelve months i 
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others. The equipment must be of good construction, 
sound material, adequate strength and free from 
patent defects and, moreover, it must be properly 
maintained. Now those requirements are very 
specific and very definite, they are very important, 
and in law they are absolute. It is very important 
to remember that and it is important to remember, 
too, that ‘ maintained’ is actually defined in the Act 
and means ‘maintained in an efficient state in 
efficient working order and in good repair’. 


In 1949, there was an accident case which went 
to the Courts for civil damages in connection with a 
hoist in Oldham, In that particular case, Whitehead 
v. James Stott & Co., the accident had happened 
because the main shaft carrying the pulley at the 
top broke. Now, a visual examination would not 
have detected that particular flaw, but undoubtedly 
there was a flaw there. It might possibly have been 
discovered by an X-ray examination, but the 
occupiers of that factory were held to have been in 
breach of statutory duty under this absolute provision. 


The same year there was a somewhat similar case 
which happened in Scotland, Gelashiels Gas Co. Ltd., 
v. O'Donnell or Millar. In that case some coke was 
being taken up in a lift to a higher platform and the 
man got out with his barrow of coke and wheeled it 
away. When he came back he went, as he thought, 
to step into the cage of the hoist or on to the platform 
and this had disappeared. Actuaily it had gone up, 
and he fell down into the well and was killed. Now, 
according to the facts of that case, every effort was 
made by engineers to see if they could get this hoist 
to creep away again, in the way in which it had done 
on this particular occasion and they found that 
nothing whatever was wrong with the interlocking 
arrangement which should have operated. Never- 
theless, in that case, too, it was held (and it went to 
the House of Lords) that there was a breach of these 
absolute requirements. 


There are other important details to be taken into 
consideration. Of course, equipment must have the 
safe working load specified and this may be done by 
automatic indicator, or by affixing tables or notices so 
that the user can readily obtain this very vital in- 
formation. Obviously, in deciding the safe working 
load of slings and similar gear, due account must 
be taken of various factors such as inclinations of 
sling legs when they are used. In the case of chains 
and other tackle made of metal whose tensile proper- 
ties are affected by continuous usage, periodic heat 
treatment has to be carried out. Here I would like 
to emphasise the importance of seeing that the proper 
heat treatment is applied and that the work is done 
by someone who is fully competent. The various 
specifications of the British Standards Institution give 
useful advice, both on identification markings for the 
many different qualities of steel and on the appro- 
priate heat treatment. 


There is one other point I would like to emphasise 
particularly, concerning cranes. Far too many 
serious accidents happen because of the breach of 
this requirement: where a person is run over or 


crushed through being on or near the rail track of 
an overhead travelling crane. The Factories Act 
here makes it an offence for an overhead travelling 
crane to approach within 20 feet of a place where 
any person ciaployed, working on, or near, the rail 
track would be liable to be struck by the crane. The 
cases of Lotinga v. The North Eastern Marine Engin- 
eering Co. and Holmes v. Hadfield emphasise the 
absolute requirements of this part of Section 24 of 
the Act. What it says is that effective measures have 
to be taken by warning the driver or otherwise to 
prevent the crane approachi1.g within 20 feet of such 
a place. This requirement is obviously difficult to 
enforce because the human element cannot be com- 
pletely eliminated, and yet, whatever measures are 
taken they must be effective; they must prevent that 
crane approaching within 20 feet and the two cases 
I have just mentioned show that if the crane does 
come within 20 feet, then there is an offence. 


The requirements with regard to hoists and lifts 
were stepped up considerably in 1937, when the pre- 
sent requirements as to interlocking gates and 
examination and all the other details were brought 
in, and it is rather interesting, in this particular 
connection, to look at the figures of accidents just 
prior to the tightening up of the legal requirements. 
In 1936 there were 490 accidents on hoists and lifts 
in factories, 20 of which were fatal. In 1949, the 
accidents had come down to 115, five of which were 
fatal. This really decisive drop can be attributed very 
largely to the tightening up of the legal requirements. 


With regard to steam boilers, the same type of re- 
quirements prevail — periodical examination by a 
competent person, test certificates and the question of 
good construction and maintenance, including all the 
details with regard to pressure gauges, safety valves, 
water gauges, etc., which go with a boiler. Since 
1937, of course, similar provisions apply to what are 
known as steam receivers, and to air receivers which 
are in very common use in engineering works 
nowadays. 


The Risk of Explosion 


Another risk which I would like to emphasise as 
occurring in engineering works, is that which arises 
from the presence of dangerous vapours or fumes in 
confined spaces, which persons have to enter. They 
must have a manhole opening of a specified minimum 
size to facilitate entrance and egress. When a person 
enters such a place, he must wear breathing apparatus 
unless the place has been shown to be free of danger- 
ous fumes and sufficient air is being admitted to 
ensure safety. Apart from the risk of gassing there 
also exists, in tanks or vessels which have contained 
an explosive or inflammable substance, a risk of 
explosion if heat is applied to the vessel. There are a 
surprising number of cases where a breach of this 
Section 28 occurs, where heat is applied by welding 
or brazing without proper precautions having been 
taken to free the vessel of inflammable vapour, where 
it has previously contained such liquids as petrol. 
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Clearly, I could spend the rest of my time on 
electrical equipment, but I must refrain and content 
myself with one or two salient points. The use of 
electricity in engineering works and in all factories, 
of course, is subject to the Electricity Regulations, 
which is quite an old code of Regulations and goes 
as far back as 1909. It is still operative, but with 
slight adjustments which were made in 1944. 
Regulation 1 is really all-embracing—“ All apparatus 
and conductors shall be sufficient in size and power 
for the work they are called upon to do and so con- 
structed, installed, protected, worked and maintained 
as to prevent danger so far as is reasonably practic- 
able”. One of the most important clauses is that 
dealing with the earthing of portable equipment. It 
is the use of portable equipment and loose cables 
that accounts for most of the electrical accidents in 
factories. The number of electrical accidents — the 
last figure was 730 — is not considerable when you 
reflect on the extent to which electricity is used in 
factories these days. 


Mechanical Safety 


Now, I would like to discuss a vital point, the 
question of mechanical safety, whereby the Act aims 
at the prevention of accidents on machinery by re- 
quiring in the case of prime movers that all moving 
parts shall be securely fenced and, in the case of 
transmission machinery and dangerous parts of other 
machinery, that secure fencing shall be provided un- 
less they are of such construction or in such a position 
as to be as safe as they would be if securely fenced. 


There has been a great deal of case law on this 
particular Section. I suppose I need only perhaps 
here mention two cases because I think they are 
particularly apt, and do more or less sum up the 
present position in law. The first one is the case of 
Walker v. Bletchley Fletton Ltd., which was a case 
where a worker got his foot caught in certain gear 
wheels which were somewhat out of the way. In 
that case, Mr. Justice Du Parcq, as he was then, said 
that machinery was dangerous if it was a possible 
cause of injury to anyone acting as a human being 
would reasonably be expected to act, in circumstances 
which could reasonably be expected to occur. This 
dictum was, in fact, quoted in one of the most 
recent cases, that of Frost v. John Summers @ Co. 
Ltd. That was the case where the worker injured 
his finger by touching an abrasive wheel which had 
the usual type of guard. He touched the part of 
the abrasive wheel which was necessarily exposed for 
the job that was being done. There, the House of 
Lords upheld the quite old judgment of Mr. Justice 
Salter in the case of Davis v. Thomas Owen & Co. 
Ltd., where it was said that this section is absolute 
in requiring secure fencing of dangerous parts; it 
does not say that they need only be fenced if that is 
commercially practicable. What the Section really 
implies is that if a dangerous part of a machine can- 
not be fenced, then strictly speaking, it should not be 
used. As was pointed out in the House of Lords, 
there is power under the Section which I quoted with 
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some emphasis just now, Section 60, for the Minister 
to modify the provisions of the Act. In the judgments 
it was suggested that the Minister should do that and 
as you probably all know now, the draft regulations 
for the fencing of abrasive wheels have been issued. 


It was done, of course, in 1922 for woodworking 
machinery in order to deal with the fencing of circu- 
lar saws and other types of machinery. It was done 
in 1931 for horizontal milling machines, and now 
similar procedure is being followed for abrasive 
wheels. The difficulty lies, of course, not so much 
with my department, which as you realise can deal 
with this matter administratively. The difficulty 
arises, nowadays, with the cases which go to the 
High Court for Civil Damages because if there is a 
breach of statutory duty then, of course, the worker 
is entitled to damages. 


One other point I would like to make in connection 
with the fencing of machinery is one which is really 
covered by the regulations entitled “‘ Operations of 
Unfenced Machinery Regulations”. As engineers, 
you fully realise that there may be occasions when 
it is necessary, in the course of repair, to investigate 
and look into possible defects and for that purpose 
it may be necessary to run something which is 
normally required to be guarded, without its fence. 
These regulations permit this to be done under clearly 
defined conditions and safeguards. They deal with 
cases where it is necessary to carry out an examina- 
tion of unfenced machinery in motion, or any 
lubrication or adjustment of such machinery which 
the examination has shown to be immediately 
necessary to carry out whilst it is in motion. 


Now, the absolute standard of security for 
machinery laid down by statute does not necessarily 
mean that access to the particular part must at all 
times be prevented. This obviously would neces- 
sitate the provision of a fixed guard positively pre- 
venting access the whole time, whereas in practice 
secure fencing is considered to have been achieved 
if contact with the dangerous part is prevented when- 
ever it is in motion. As you know, that can be done 
in various sorts of ways by guards which are auto- 
matic, or interlocked, or incorporate some trip action 
or some other feature which prevents the possibility 
of injury in consequence of some foreseeable act on 
the part of a person employed. There are many 
examples, of course, of such guards in use with which 
no doubt everybody here is quite familiar. If guards 
are successfully to serve their purpose, namely, the 
prevention of accidents, then obviously some rather 
special points must be watched. There are continual 
developments in this field and the application of 
electronics to industry, and the automatic handling 
of parts between progressive production processes, 
very often referred to as automation, are tending 
towards a re-appreciation of fencing techniques. 


Provision for Possible Failure 


However reassuring these new techniques may 
appear to be in regard to safety, and there is no 
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doubt that any method which achieves a reduction 
in the number of people exposed to risk must be 
encouraged, we must try and anticipate new sources 
of danger and meet them. Where safety depends 
on some automatic sequence, one must contemplate 
possible failure or breakdown of the arrangement and 
make provision so that any departure from the 
designed sequence results in the condition in which 
all parts are rendered safe under all circumstances. 


In other words, the principle of failure to safety 
must invariably be applied. 


So far, I have dealt with the Factories Act in 
relation to establishments commonly recognised as 
being factories, but I would like now for a moment 
or two to look at two other types — Building 
Operations and Works of Engineering Construction, 
because obviously these are matters which affect 
engineering establishments. 


The requirements of the Factories Act itself apply 
to these operations only to a very limited extent, and 
so here is another case where the Minister can step 
in and make regulations to deal with them in detail. 
This, of course, has been done insofar as building 
operations are concerned and we have already pub- 
lished also two drafts of regulations dealing with 
Works of Engineering Construction. I have not time 
obviously to go into detail on these matters here — 
the Building Operation Regulations deal with safety, 
health and welfare and comprise some 100 clauses. 
The draft regulations dealing with Works of 
Engineering Construction originally comprised some 
150 clauses. 


Fencing of New Machinery 


So far, I have rather directed my remarks to the 
occupier of the engineering establishment and 
touched on the sort of things he has to watch in 
health, safety and welfare of the workers he is 
employing. Now, these provisions obviously are 
extremely important, but I do want to lay some 
stress on the importance of one particular section 
which deals with the fencing of new machinery, 
which is particularly apt for an audience of this 


kind. 


Many of you come from firms who obviously are 
making machinery for other people and there are 
obligations in the Act on the makers of such 
machinery if it is ultimately to be used in factories. 
They are limited, but they do require that all gearing 
of any sort, spur and pinion, friction, chain, sprocket, 
or whatever type of gearing it is, must be completely 
encased. Set screws and similar projections on 
spindles, pulley bosses, etc., must either be avoided 
altogether, or they must be securely fenced. There 
is power in that particular Section for the Minister 
to extend those provisions, but in factories generally 
so far, that has not been done. It is true that it has 
been done in connection with Building Operations 
and also it has been done in a rather special case in 
the Jute Regulations. In the latter, much of the jute 
processing machinery has a specification of the 








guards required and that is required to be done by 
the maker. 


Production engineers are obviously interested in 
safety, and I would suggest that they can make a 
most important contribution to safety, not only to the 
advantage of their own establishments, but to the 
benefit of the industry in general. The suggestion is 
neither novel nor revolutionary, for already it has 
been given effect to, if not wholly, at least to a very 
considerable extent, by many makers of machinery 
and plant. It might be well expressed, I suppose, 
in the slogan: “ Design for Safety”. I do feel that 
a great deal more might be done by incorporating 
safety at the design stage. Manchester is one of the 
centres of the machine tool industry and I would like 
certainly to congratulate that particular industry on 
the great strides they have taken along these 
particular lines. Excellent progress has been made 
during the last 30 years. 


In this question of designing for safety, one must 
remember that safety is not entirely a matter of 
guarding. There is an opportunity for the designer 
to dispense with guards by making his machine such 
that it is safe without them. The number of acci- 
dents due to machinery represents only about 16%, 
less than one-sixth, of the total industrial accidents ; 
other accidents are due to plant in which lack of 
consideration for safety in design often plays an, 
important part, while yet others are directly due to 
personal causes, although often there are a variety 
of factors influencing their occurrence. I would 
mention, in passing, the question of fatigue as being 
one of the indirect causes of accidents, and considera- 
tion for the convenience of the operative in machine 
and plant design can obviously play its part in the 
reduction of accidents. 


As machines and plant become more and more 
complicated, particularly in the present tendency 
towards automatic processes, safety depends more 
and more upon the designer of the machinery or 
plant. It rests firmly with that designer to create 
conditions in which the operatives are not in danger. 
I have already referred to the principle of “ failure to 
safety ” and this is fundamentally a matter of design. 


In this electronic age we are becoming more and 
more dependent on electrical equipment and devices 
and here, more than in any other field, is the 
principle of failure to safety essential. Back-up 
protection whereby the failure of two independent 
components is necessary before a dangerous situation 
can arise is another principle which can be applied 
with advantage. In such a case, however, some means 
of indicating failure of either component is advisable, 
so that the effectiveness of either component can be 
restored as soon as possible. 


Provisions for Self-checking 


In the electrical field also, self-checking and error 
correction provisions provide important conditions to 
safety. Ineffectiveness in a component can be self- 
checking by methods which will secure the shutting 

(concluded on page 278) 
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CORRESPONDENCE 


THE DELFT REPORT 
From: Mr. W. G. Ainslie, M.I.Prod.E. 


Referring to my comments on the Delft Conference, 
published in the March Journal, I wish to make it 
clear that these were not intended as a criticism of 
the Birmingham University Courses, which are at a 
Post-Graduate level. It was unfortunate that, un- 
known to me, my present position was stated in the 
introductory paragraph, since it has created the 
impression of inconsistency. 

I fully support the Birmingham policy on Engin- 
eering Production; indeed, that is the reason why I 
sought to join the staff of the one British University 
which has so actively recognised this study for the 
past nine years, and which now has a flourishing 
Post-Graduate course. 

The comments published were written in November, 
1956. to the Education Committee of the Institution, 
prior to my joining the University staff, and as such 
cannot express University opinion. 


THE SOUTHAMPTON CONFERENCE 


From: Mr. C. A. Burton, Sciaky Electric Welding 
Machines Ltd., Slough. 


I would like to take this opportunity of con- 
gratulating the Institution of Production Engineers 
for all the excellent work carried out in making the 
Fifth Annual Aircraft Production Conference such an 
outstanding success. This is the first time I have had 
an opportunity of attending this function and I am 
quite sure that this Conference will go from strength 
to strength in the years to come. 

I should like to make one or two suggestions which 
I trust will be regarded as constructive criticism. 
Firstly, I would agree with a remark made by Mr. 
H. G. Gregory, that apart from a very short introduc- 
tory preamble by each of the lecturers, the time 
available should be devoted entirely to discussion. 
I had a feeling that there were many present who had 
no opportunity of asking questions and, therefore, 
if more time were made available as suggested. it 
would be particularly helpful. 

In my own particular field I was most interested 
to hear Mr. N. K. Gardner’s Paper. This was. with- 
out doubt, a most praiseworthy effort which did not 
warrant Mr. Gardner's anti-climax statement when 
he intimated that many people may have listened to 
his lecture being critical of spot-welding. and would 
be going away still critical of spot-welding. 

I am quite sure that the Handley Page Company 
have investigated every possible angle of this process 
and they have proved conclusively that spot and roll- 
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spot welding, with the use of modern welding equip- 
ment and the introduction of adequate quality control 
procedures, can now be regarded as completely 
reliable. 

Mr. S. G. Nash raised a query during the discussion 
when he asked what problems may be expected when 
welding stainless steel aircraft of the future. He 
queried the effect of the high pressures necessary for 
spot-welding stainless steel, and also asked if it might 
be possible to carry out assembly work with the use 
of portable machines. My own opinions of this 
future trend are that owing to the very low inter- 
facial resistance of light alloy materials, and the fact 
that high welding currents, in some cases of the 
order of 150,000 ampéres, have to be applied to the 
workpieces in conjunction with a variable electrode 
pressure cycle, it is most unlikely that portable spot- 
welding plant, with the aid of compressed air or 
hydraulically operated welding guns, will be 
developed. 

It is quite a different matter, however, where 
stainless steel is concerned. This material requires 
very much lower welding currents than light alloys 
and a variable electrode pressure cycle is not re- 
quired. The comparatively high constant pressures 
to be used can be very easily obtained by means of 
hydraulically-operated portable guns deriving their 
pressure from air-hydraulic intensifier units fitted to 
the machines. This obviates the necessity of fitting 
large air cylinders to the welding gun units and 
obviously reduces the bulk size and weight accordingly. 

It is interesting to note that complete railway 
coaches are being manufactured by the Sorfame 
Company in Amadora, Portugal, the material being 
17/7 stainless steel. Extensive use of portable gun 
welding plant is made, and providing that military 
aircraft of the future are designed with a view to 
employing resistance welding processes, then I can 
see no reason why similar schemes to those at present 
employed on commercial projects cannot be adopted. 


From: Mr. N. T. Burgess, Metallurgist, Aluminium 
Development Association. 


I was present at the Fifth Annual Conference on 
Aircraft Production, which I found most absorbing. 
As time for discussion was limited, I should like to 
contribute herewith, with the hope that the author 
concerned can offer some reply. 

I refer to the Paper on “ Contour Etching ” by Mr. 
A. W. Sheppard. This Paper and the film were much 
appreciated and I should like to ask if the removal 
of quantities of metal by such a comparatively slow 
process results in less distortion, finally, than is 
evidenced in many cases when such components as 
he illustrates are machined by conventional pro- 
cedures. Many members of the aircraft industry will 
be aware of the great difficulties in machining such 
items where, unless the aluminium alloy sheet is 
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specially prepared and produced, stresses may be 
present in the blank that will lead to troubles in 
machining. Does Mr. Sheppard feel that with con- 
tour etching distortion might be less? 

Bearing in mind the diverse interests of the Com- 
pany which Mr. Sheppard represents, I should like 
to ask whether he envisages applications for such 
sheet in fields other than the aircraft industry. 

Finally, having seen the considerable difference in 
surface finish obtained with the different alloys with 
which Mr. Sheppard has worked, I should like to ask 
whether any work has been done on aluminium alloys 
other than the aircraft types, for example, NS3 
(aluminium-14°, Mn), NS5 (aluminium-34°/, Mg) 
or the HS30 type. 


From: Mr. A. W. Sheppard, Production Engineer, 
Saunders-Roe, Ltd. 

In answer to Mr. Burgess’ first query, after con- 

tour etching a slight distortion does take place due 




















to stress release. However, because of the gradual 
and even removal of metal and the absence of local 
overheating, this distortion is negligible and in no way 
comparable with that which takes place after 
orthodox machining. 

Although I know of no instances where contour 
etching is being used in fields other than the aircraft 
industry, I feel certain that there are great possibili- 
ties where weight saving is an important requirement; 
also in the limited manufacture of such items as the 
grid shown in my Paper. 

With regard to Mr. Burgess’ final question, we have 
not used the three alloys he mentions, but we have 
carried out work on alloys of similar composition 
which would almost certainly behave in a like man- 
ner. As can be seen from their chemical composition, 
apart from the absence of magnesium in NS.3, both 
the alloys NS.3 and NS.5 are similar to DTD 180c, 
and HS.30 and HS.10 are almost identical in 
specification. 








NOTICE OF COUNCIL ELECTIONS, 1957/58 


NOMINATIONS 


(a) In accordance with Article 43, nominations are invited to fill ten vacancies for 
elected members to serve on Council for 1957/58 (i.e. eight Members and two 


Associate Members). 


(b) Before candidates are nominated for election, their consent must be obtained. 


(c) Candidates for election must be nominated in writing by three *Corporate 


Members of the Institution. 


(d) In addition to nominations as in (c) each Section Committee may nominate one 


candidate. 


(e) Nominations must reach the Secretary at 10 Chesterfield Street, London, W.1, 
not later than Wednesday Ist May, 1957. 


(f) The members listed below are due to retire and are not eligible for re-election as 
‘elected members’ until at least one year has elapsed. 


Members :- 
G. R. Blakely 
A. E. Clifford 
H. H. Dawson 
A. F. Kelley 


Associate Members :- 
R. Hutcheson 
tL. S. Pitteway 


E. Levesley 

R. N. Marland 
H. Spencer Smith 
H. Tomlinson 


By Order of the Council 

W. F. S. Wooprorp, 
Secretary. 
April, 1957. 


+Mr. L. S. Pitteway, elected to Council as an Associate Member, will resign his seat as, since 
his election, he has been transferred to the grade of Member. He will be eligible for re- 


election as a Member. 


*Corporate members are:- Hon. Members, Members, Associate Members. 


































































Costs 


Based on load of two tons. 


Minimum of three men taking one hour to load lorry (two tossing, 
one catching and stacking) ts ae sas vee sss BG. 


Vehicle and driver waiting one hour ae ie ie —. * 


Total for two tons 25s. 


Labour costs, therefore, for loading firebricks (per ton) ... in 
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CASE STUDY No. 11 
Handling of Refractories 


Author: A.M.I.Prod.E. 


An example of Handling 
Firebricks for Vehicle Loading. 


The Company concerned is the 
parent of a large Group engaged in 
the design and manufacture of heat 
treatment and melting plant and 
associated ancillary equipment. It 
employs 1,000 people. 


The Problem — loading of 
comparatively small quantities of 
firebricks some of which are very 
fragile, comprising a wide variety of 
shapes, sizes and qualities. 


Whilst large quantities of firebricks 
required for extensive contracts are 
forwarded direct to site from manu- 
facturers’ works, stocks of various 
sizes and qualities are maintained by 
the Company for smaller contracts 
and repair work. 


The Company’s brickyard is some- 
what remote from the main works, 
and had no lifting tackle of any kind. 
It comprises a large number of 
stacks of various sizes, shapes and 
qualities of firebricks, and com- 
paratively small quantities have to be 
taken from these stacks to make up 
specific consignments. 


Until recently, the procedure for 
despatching these consignments 
necessitated the road transport 
vehicle touring the brickyard, getting 
as close as possible to the appropriate 
stacks of firebricks, and loading by 
hand the various sizes, shapes and 
qualities required. This was an 
expensive procedure, involving con- 
siderable concentration of man 
power, slow turn round of vehicle 
and consequent delay in getting 
consignments away. 


Whilst the permanent staff of the 
brickyard comprises two men, this 
procedure necessitated the trans- 
ference of additional man power 
from elsewhere in the works, when 
vehicle loading was to be carried 
out. 


An analysis of the procedure was 
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HANDLING 


made and whilst complete palletisa- 
tion and mechanisation could not be 
justified, the results showed that a 
compromise in that direction would 
be well worth while. 

As a result of this investigation, a 
simple covered gantry was con- 
structed, having two bays and 





, : Costs 

housing a hand traversed electric —— 

hoist, as shown in the photograph. Based on load of two tons. 

The width of the bays is sufficient al ; ; s 

to allow a standard road transport Two men (stacking only) required for one hour to load one pallet 

vehicle to pass through, one bay __ (two tons) ... teeta 7 ree iad ce TR 
being used for this purpose, the other Vehicle and driver waiting five minutes (at 15s. per hour) jos ae 
for storage of loaded pallets. On . bok 
receipt of the requisition covering Total for two-ton pallet 8s. 3d. 
consigninents of firebricks, pallets of 

suitable size for road vehicle use f ; : 5 

are preloaded, and stored in one bay Labour costs, therefore, for loading firebricks on to pallets and 

of the gantry, in two stacks and two " thence on to vehicle (per ton) ... oe ie zi 4s. 14d. 
or three pallets high if necessary. To this must be added pallet and hoist maintenance (per ton) ... 4d. 
The preloading of the pallets is peerings: 
carried out by the staff of two men Total costs (per ton) 4s. 5$d. 





well before the arrival of the trans- 
port vehicle, thus avoiding a heavier 
intermittent concentration of labour. 
which was previously necessary. 


Therefore saving per ton — 8s. 34d. 
Annual tonnage of firebricks despatched from the brickyard — 900 tons. 


The transport vehicle on arrival Based on this figure the annual saving will be — £373. 
drives into the clear bay and the Set against this is the cost of providing the gantry, second-hand hoist and 
appropriate preloaded pallet (or pallets which totals — £350. 


pallets) is immediately transferred to 
the vehicle, the turn-round time of 
which is reduced to a matter of 
minutes. 


Therefore, the cost of the installation is recovered in the first year and 
subsequently a saving of £373 per annum realised. 


Summary of 
Savings and Advantages 


1. Reduced cost of vehicle loading. 

2. Reduced cost of transport 
charges. 

3. Constant labour force in brick- 
yard. 

4. Quicker turn-round of vehicle. 

5. Reduction in damage to firebricks 
when loading. 

6. It is interesting to note that prior 
to the installation of the gantry, 
a mobile crane was used in con- 
junction with the pallets, but the 
saving that the gantry has 
brought about can well be 
appreciated, as it was previously 
necessary to requisition the 
mobile crane from the works, 
whenever its service was required, 
which involved a journey of 
approximately a quarter of a mile 

in each direction. 





institution 





Appointment of Education and 
Technical Officer 


As recently announced by 
the Council, Mr. F. W. 
Cooper, B.Sc.(Eng.), 
M.I.Mech.E., M.I.Prod.E., 
Principal of the Chance 
Technical College, Smeth- 
wick, has been appointed 
Education and_ Technical 
Officer to the Institution. 


Mr. Cooper will take up 
his appointment in London 
on Ist April, 1957. 





Other Appointments 


Mr. J. P. Ford, Member, has been appointed to the 
Board of Associated British Engineering Limited, as 
an Executive Director. 


Mr. J. E. Oram, Member, has been appointed 
Managing Director of Wild-Barfield Electric Furnaces 
Limited, Watford. He was elected to the Board of 
the Company in 1933 and has been Director and 
General Manager for the last ten years. 


Mr. R. J. Dawes, Associate Member, has now been 
appointed General Manager of Bush & Wilton, Bitton, 
Gloucester. 


Mr. J. North, Associate Member, has relinquished 
his appointment as Works Manager with Bayley & 
Grimster Limited, Victoria, Australia, and has taken 
up the position of Technical Services Engineer with 
E. T. Brown Limited, also of Victoria. 


Mr. P. H. Roberson, Associate Member, has been 
elected to the Board of Directors of his Company. 
Messrs. Penney & Porter Limited, Lincoln, as Works 
Director. 


Mr. D. Treasurer, Associate Member, has relin- 
quished his appointment with Messrs. Jones, Tate 
& Co. Ltd., and is returning to Messrs. Dewrance & 
Co. Ltd., as a Production Controller. 
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Mr. A. Rainbird, Graduate, has taken up an 
appointment as Engineer with the Manufacturing 
Methods Engineering Department of the Cormunica- 
tions Equipment Division of the Northern Electric 
Company of Montreal, Canada. 





Obituary 


Members in the Midlands Region of the Institution 
will be sorry to learn of the death of Mr. Tom 
Houghton, Associate Member, Technical Officer 
(Training), with Joseph Lucas & Co. He had been 
Social Secretary of the Birmingham Section for over 
16 years, and did sterling work in fostering the in- 
terest of the younger members in Institution activities. 


He was a man who was well-liked and respected 
throughout the Midlands, and will be greatly missed 
by his many friends and colleagues. 





President’s Visit to S. Essex 


At the January meeting of the South Essex Section, 
the chair was taken by the President of the Institu- 
tion, Mr. E. W. Hancock, M.B.E., and the occasion 
attracted the highest attendance so far recorded for 
the Section. The speaker was Mr. D. T. N. 
Williamson, who gave a first-class Paper on 
“Electronic Computer Control of Machine Tools.” 


Prior to the meeting, the President was entertained 
to dinner by the Section, and among the guests were 
the Mayor of Chelmsford; Mr. C. E. Preston, Princi- 
pal, Mid-Essex Technical College; Mr. R. Telford. 
Chairman, S.E. Region; Mr. A. K._ Brown, 
M.1.Prod.E., Works Director, Hoffman Manufactur- 
ing Co. Ltd.; and Mr. R. R. Kenderdine, 
M.I.Prod.E., Works Director, Crompton Parkinson, 
Ltd. 
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The Third North Western Regional Dinner was 
held at the Midland Hotel, Manchester, on Friday. 
8th February last, and was attended by nearly 150 
members and guests. The Principal Guests were The 
Lord Mayor of Manchester; Mr. H. G. Gregory. 
Chairman of Council; Dr. B. V. Bowden, Principal, 
Manchester College of Science and Technology; and 
Mr. W. F. S. Woodford, Institution Secretary. 

It was unanimously agreed by those present that 
this year’s function was the most successful so far 
held in the North-West. and thanks and appreciation 
for his part in organising the function were expressed 
to Mr. J. G, McLean, of the Manchester Section. 


Left to Right: Mr. Woodford; Mr. A. Barton; Mr. S. 

Brown; The Lord Mayor of Manchester (Councillor 

Harry Sharp, J.P.); and Mr. J. H. Winskill, N.W. 
Regional Chairman. 


N.W. Regional Dinner 








Hazleton Memorial Library 





REVIEWS & 
ADDITIONS 





Members are reminded that copies of the Library Catalogue may be obtained 
from the Librarian, price 2/6d., plus 4d. postage (price to non-members, 10/-, plus 


4d. postage). 


“Information Processing Equipment” edited by H. P. 


Doss. New York, Reinhold, 1955, 270 pages. 

The Papers in this book were originally prepared for a 
symposium on the “ Equipment for the Preparation, Repro- 
duction and Utilisation of Technical Information” 
organised in 1953 by the American Chemical Society, and 
this excellently describes its contents. There are chapters 
on special typing, stencilling and hectographing; lenseless 
copying with sensitised papers; photography in_ the 
laboratory; microcopying; dry photographic copying; letter- 
press and offset printing; authors’ guide to effective slides; 
audio methods for handling data; storing and finding 
technical information with punched cards; and numerical 
data handling machines. 

For the most part the book is concerned with equipment, 
and it is not likely to be of direct interest to the practical 
engineer. The guide to the preparation of lantern slides 
could, however, be studied with profit by all who prepare 
lectures and Papers, and in certain of the chapters (in 
particular, ‘‘ Photography in the Laboratory” and “ Audio 
Methods of Handling Data’’) imaginative uses for the 
equipment are indicated, which could be stimulating, 
particularly to the research worker. 

The main use of the book, however, would be as a 
reference book for those concerned with the physical handling 
of information and data; to these it would be valuable, 
though its usefulness in this country is limited by the fact 
that without exception all the equipment described is 
American. However, similar equipment is, for the most 
part, available in this country. The book is excellently 
illustrated and there are copious bibliographies in each 
chapter. M.L.A. 


“Factory Electrification”? by F. T. Bartho. 


London, 

Macdonald and Co. (Publishers), 398 pages. 35s. 

This book deals essentially with the factors affecting 
the selection, operation and maintenance of the plant and 
equipment needed to distribute electricity in a factory as 
well as of the motors needed to power the machines. As 
such, it is directed more to the electrical engineer than to 
the production engineer. This is particularly so, since the 
specialist electrical equipment which may influence produc- 
tion such as welding plants, lighting, furnaces, heaters and 
the like has been deliberately omitted. The discussion on 
a.c. and d.c. electric motors and their control gear is, 
however, particularly full and in the 235 pages devoted to 
this subject, data is given to quick designers in the choice 
of specific types for any given subject. M.J.S. 


**Electronic Computers and Management Control ”’ 
by Zmetsky, George and Kircher, Paul. New York and 
London, McGraw-Hill, 1956. 296 pages. $5 (37s. 6d.). 
Management executives and others concerned with the 

operation of offices, involved in the processing of information 

should read this book. It is a good account of developments 
in the United States of America. The integrated system 
including the computer is placed in its proper perspective ; 
and reference is made to a number of actual applications 
in different organisations and the problems. The safeguards 
which are necessary are well brought out, and proper 
emphasis is laid on the need for a well planned approach 
to the training of people, to the changing of their attitudes, 
and to the unifying of systems. The authors explain in 
sufficient detail the operation of the computer and enlarge 
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on possible applications. They describe the administrative 
problems which may be encountered and enlarge on the 
modern concept of managerial control in relation to the 
use of the computer. The appendices are of value as they 
give information about current electronic data processing 
equipment, there is a useful bibliography, and a satisfying 
layout of the works of a computer. Finally, there is an 
interesting mathematical model for integrated data systems. 
The book is well written and is interesting to read. 

A.A.J. 


ADDITIONS 


** The Challenge of Automation ” : Papers delivered at the 

National Conference on Automation, Washington, 1955. 
Washington, Public Affairs Press, 1955. 77 pages. 
The Conference was held under the auspices of the 
Committee on Economic Policy of the Congress of 
Industrial Organisations. There is little technical con- 
tent in the Papers, most of which deal with labour 
problems; or in a general way with technical 
considerations. 


Connell, Robert S. ** Tool and Cutter Grinding.” Brighton, 
Machinery Publishing Co., 1956. 158 pages. Illustrated. 
Diagrams. 18s. 6d. (Machinery’s Standard Reference 
Series). 

Dipple, Raymond. ‘Process Planning.” Richmond, 
Association of Engineering and Shipbuilding Draughts- 
men, 1956. 119 pages. Illustrated. Diagrams. 4s. 
(Association of Engineers and Shipbuilding Draughts- 
men Session, 1955/56). The author describes the 
techniques of process planning, with special reference 
to machine shop work. 


Fincham, W. H. A. “ Optics”. 6th edition. London, 
Hatton Press, 1951. 426 pages. Illustrated. Diagrams. 
A textbook for students of applied optics, up to the 
stage when he begins to specialise in such subjects as 
opthalmic optics and optical instruments. Also suitable 
as a textbook for the intermediate examination in 
science of universities. 


Foundry Trade Equipment and Supplies Association, London. 
** British Foundry Plant and Supplies.” 2nd edition. 
London, the Association, 1956. 32 pages. 


Geigher, P. H. ‘* Noise Reduction Manual.” Originally 
prepared under the auspices of Office of Naval Research. 
Ann Arbor, Mich., Enginering Research Institute, 
University of Michigan; University of Michigan Press, 
1955. 167 pages. Diagrams. Devoted to noise problems 
from a. . . practical viewpoint. 


Inter-University Contact for Management Education, Delft. 
** Industrial Engineering and Management at 
University Level in European Countries ” : Report 
of the E.P.A. — I.U.C. Survey, 1954. Volume J. 
Project No. 277 of the European Productivity Agency 
(E.P.A.). Delft, Inter-University Contact for Manage- 
ment Education, 1955. 27 pages + 35 pages duplicated. 


Johnson, Ellis A. “The Application of Operations Research 
to Industry ” : a speech delivered at the Fifth Annual 
Industrial Engineering Institute, University of 
California . . . 1953. Chevy ” Chase, Maryland, 
Operations Research Office, Johns Hopkins University, 
1955. 61 pages. Diagrams. $1.75. 


Knowles, Raymond S. B. ‘* The Secretary’s Guide to the 
Law of Town and Country Planning”, edited by 
F. H. J. Wileman. London, Corporation of Secretaries, 
1956. 96 pages. 

Laing (John) and Son Ltd., London. ‘* Teamwork ” : 
the story of John Laing and Son Ltd. London, the 
Company, 1950. 108 = pages. Illustrated. 
The story of the civil engineering and contracting firm 
begins at the end of the 18th century. The greater 
part of the book is devoted to the activities of the 
firm under John W. Laing in the present century. 








Larkin, Edgar J. ** The Elements of Workshop Training ” : 
a textbook for works’ apprentices. 2nd_ edition. 
London, Pitman, 1947. 260 pages. Illustrated. 
Diagrams. 


McCadams, William H. “Heat Transmission.” 3rd edition. 
London, McGraw-Hill, 1954. 532 pages. Illustrated. 
Diagrams. 61s. Designed to serve both as a text for 
students and as a reference for practising engineers. 


Mechanical Engineering Research Board. ‘* Report of the 
Mechanical Engineering Research Board (Department 
of Scientific and Industrial Research), with the 
Report of the Director of Mechanical Engineering 
Research for the Year 1955.” London, H.M.S.O., 
1956. 72 pages. Illustrated. 4s. 


Mond Nickel Company Ltd., London. ‘* The Heating of 
Nickel.” London, the Company, 195-. 47 pages. 
Illustrated. Diagrams. 


Monday, C. * Centre Lathe Work.” Brighton, Machinery 
Publishing Co. Ltd., 1956. 160 pages. Diagrams. 
18s. 6d. (Machinery’s Standard Reference Series.) 
Contents:- The centre lathe: its construction and 
types ; lathe tools ; external cylindrical work ; drilling, 
boring and reaming on the lathe ; taper and elliptical 
turning ;_  screwcutting ; miscellaneous uses of the 
centre lathe. 


National Physical Laboratory, ‘Teddington, Middlesex. 
** Noise Measurement Techniques.” London, H.M.S.O., 
1955. 40 pages. Illustrated. Diagrams. (Notes on 
Applied Science No. 10.) 2s. Intended to be a guide to the 
choice of methods and _ techniques suitable for the 
measurement of the physical characteristics of noise in 
varying circumstances. Describes the equipment used 
and its operation. 


Northcott, C. H. ‘* Personnel Management: Principles 
and Practice.” 3rd edition. London, Pitman, 1955. 
427 pages. 30s. Previous editions of this standard text- 
book were called “ Personnel Management: its Scope 
and Practice”. This edition has been considerably 
revised. It covers all aspects of personnel management, 
from industrial relations to job evaluation. 


Office Belge Pour l’Accroisement de la Productivité, Brussels. 
**Les Principaux Facteurs de Productivité : Mission 
Belge Aux Etats-Unis, 1952.” Brussels, the Office, 
1955. 162 pages. (Enquete en vue de la Accroisement 
de la Productivité.) The Belgian Mission to the United 
States in 1952, visited a wide range of educational and 
industrial organisations. Its report on “the factors 
which effect productivity” comprises a survey of educa- 
tion, human relations, and of social conditions; and of 
the structure and organisation of industrial enterprises. 


Organisation for European Economic So-operation, Paris. 
** Buyer’s Guide to European Machinery.” 
Paris, the Organisation, 1955. 46 pages. A classified 
list to Engineering Trade Associations in Western 
Europe. In English and French. 


Plant Maintenance and Engineering Conference, Chicago, 
1955. ‘** Techniques of Plant Maintenance and 
Engineering 1955.” Proceedings of the technical 
sessions held concurrently with the Sixth National 
Plant Maintenance and Engineering Show, Chicago, 
January, 1955. New York, Plant Maintenance Show, 
Inc., 1955. 218 pages. Diagrams. 


Porter, Harold W. and others. ** Machine Shop Operations 
and Set Ups”? by Harold W. Porter, Charles W. Lawshe 
and Orville D. Lascoe. Chicago, American Technical 
Society, 1954. 397 pages. Illustrated. Diagrams. 
An elementary well illustrated book for machine 
operators. 


Powell, C. F. and others. ** Vapor-Plating : the Formation 
of Coatings by Vapor-Deposition Techniques ” 
by C. F. Powell, I. E. Campbell and B. W. Gonser. 
Sponsored by the Electrochemical Society Inc., New 
York. New York, Wiley ; London, Chapman & Hall, 
1955. 158 pages. The term “ Vapor-Plating ” as here 
used denotes the chemical processes such as hydrogen 
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reduction or thermal decomposition of metal halides at 
heated surfaces. The techniques employed in vapor- 
plating are described, and the conditions requires for 
the deposition of pure metals, carbides, nitrides, borides, 
silicides and oxides from gaseous mixtures of their 
vaporised components are discussed. 


Reuther, Walter and Davis, D. J. ‘* Automation in the 
American Automobile Industry ” : reprints of articles 
(from) Labour News from the U.S. (Volume 7, Nos. 1, 
2 and 3) ; and a glossary of automation terms compiled 
by the U.A.W. London, United States Information 
Service, Labor Information Office, 1956?. 29 pages 
duplicated, The Papers by Reuther (President, Union of 
Automobile Workers are on ‘“‘ Labour Relations” ; the 
one by Davis (Vice-President, Ford Motor Co.) on 
* Technological Developments at Ford’s ”’. 


Riddle, Johnny. ‘* Ball Bearing Maintenance.” 
University of Oklahoma Press, 1955. 170 pages. 
Illustrated. Diagrams. A survey of design features 
and maintenance principles which govern performance 
and service life with a . . . study of service failures. 


*“* Symposium on Electronics and Automatic Production ” 
jointly sponsored by National Industrial Conference 
Board Inc., New York, and Stanford Research Institute, 
Menlo Park, California, San Francisco, 1955. Looseleafe. 
Photographs. Diagrams. Contents:- Automation — 
what is it ? ; opportunities and problems in various 
industries (automotive, steel, chemical, electronics) ; 
automatic handling of business data ; automatic pro- 
duction and the small business man. 


Thompson, R. N. ** Welding Dictionary : French - German - 
Spanish-English ”, compiled and edited by R. N. 
Thompson and G. Haim. London, Iliffe for Welding, 
1950. 234 pages. 21s. 


Urwick Orr and Partners Ltd., London. ‘“ Electronics and 
Everyman”: developments in the field of electronic 
computing. London, the Company, 1955. 92 pages. 


Advisory Council on Scientific Policy. ‘* Report on the 
Recruitment of Scientists and Engineers by the 
Engineering Industry ’? by the Committee on Scientific 
Manpower. Professor S. Zuckerman, Chairman. Lord 
President of the Council. London, H.M.S.O., 1955. 
31 pages. 1s. 3 

American Society for Metals, Cleveland, Ohio. ‘* Metals 
Handbook.” 1955 Supplement. Cleveland, the Society, 
1955. 208 pages. 50s. 

American Society of Mechanical Engineers, New York. 
** Engineering Tables ”, edited by Jesse Huckert. New 


Norman, 


York, the Society, 1956. 16 parts. Diagrams. Tables. 
90s. 
Barton, H. K. ‘“ The Diecasting Process.” London, 


Odhams Press, 1956?. 224 pages. Illustrated. Diagrams. 
21s; 

Barwell, F. T. ‘* The Lubrication of Bearings.” London, 
Butterworth’s Scientific Publications, 1956. 292 pages. 
Illustrated. Diagrams. 

. . . an attempt to select the more significant of the 
researches which have been published in the last 50 
years and to present them in a form which will not only 
enable research workers to appreciate the essential 
achievements of past workers as a basis for further effort, 
but which will enable practising engineers to have in 
compact form such data as will enable them to design 
bearings and similar components of the kinematic chain 
in accordance with modern knowledge . . .”. 

Barwell, F. T. ‘* Plastics Engineering.”” London, Cleaver- 
Hume Press, 1956. 458 pages. Reprint of Chapter XIX 
of “Modern Workshop Technology”. Part 1, 2nd 
edition. Edited by Wright-Baker. 

Black, Paul H. ‘* Machine Design.” New York, McGraw- 
Hill, 1955. 471 pages. Illustrated. Diagrams. 56s. 6d. 
“Intended to serve as a textbook in general machine 
design and as a reference book in mechanical design 
offices. It is assumed that the reader has a knowledge 
of mechanics, strength of materials, kinematics, mechanical 
processes and engineering materials.” 





**Tron and Steel.” 
48 pages. Illustrated. 


British Productivity Council, London. 
London, the Council, 1956. 
(Productivity Review.) 2s. 6d. 

British Iron and Steel Research Association, London — 
Plant Engineering Division. Eighth conference: a summary 
of proceedings . . . (London . . . 1952). ‘* Engineering 
Maintenance.” London, the Association, 1952. 24 pages. 
5s. 

Brooks, Collin. ‘* An Educational Venture : History of 
Woolwich Polytechnic.” London, Woolwich Polytechnic, 
1955. 149 pages. Portraits. Illustrations. 


** Annual Report, 1955.” 
275 pages. Illustrations. 9s. 


Chief Inspector of Factories. 
London, H.M.S.O., 1956. 
Cmnd 8 


Copper Development Association, Radlett, Herts. ‘* Copper 
for Busbars.”” Sixth improved, revised and enlarged. 
Radlett, the Association, 1956. 176 pages. Illustrated. 
Diagrams. 


luster, James R. (editor). ‘* Applied Automation”: a 
group of significant articles from the pages of 
Automotive Industries showing the application of 
modern automation techniques. Philadelphia, Penn., 
Chilton Co. for Automotive Industries ; London, Bailey 
Bros. and Swinfen, 1956. 236 pages. Illustrated. 
Diagrams. 48s. 


Dooher, M. Joseph and Marquis, Vivienne (editors). 

** Effective Communication on the Job: a Guide to 
Employee Communication for Supervisors and 
Executives.” New York, American Management 
Association ; London, Bailey Bros. and Swinfen, 1956. 
294 pages. Diagrams. 44s. 
The art of “communication” — of saying what you 
mean, has occupied the attention of philosophers and 
philologists for centuries, and has recently become a 
branch of that eclectic subject “‘ Scientific Management ” 
This book deals with communication “ up” and “ down” 
and includes chapters on interviewing conference leading, 
and order giving. 


Eusec Conference on Engineering Education, London, 1953. 
Conference of representatives from Engineering 
Societies of Western Europe and the United States of 
America Eusee Conference on Engineering 
Education. London, Institution of Civil Engineers for 
the Organising Committee of the Institution of Civil 
Engineers, Institution of Mechanical Engineers, and the 
Institution of Electrical Engineers, 1953 171 pages. 

Fuller, Dudley D. ** Theory and Practice of Lubrication for 
Engineers.” New York, Wiley ; London, Chapman and 
Hall, 1956. 432 pages. Illustrated. Diagrams. 
Attempts to present the theory of lubrication in “ the most 
understandable and usable form” and to “ demonstrate 
the usefulness of lubrication analysis in _ solving 
engineering problems”. The hydrodynamic and hydro- 
static theories have been developed from first principles. 

Grover, J. J. and others. ‘“* Fatigue of Metals and 
Structures ” by H. J. Grover, S. A. Gordon and R. L. 
Jackson. (Batelle Memorial Institute.) London, Thames 
and Hudson, 1956. 401 pages. Diagrams. 
Summarises most of the current information about metals 
fatigue. Directed to the designer or engineer with some 
knowledge but limited experience of fatigue problems. 
The bibliographies are good, but refer mostly to American 
publications. 

Gentzel, Herman P. ‘* Reference Manual of German 
Machine Tools.” Coburg, Karl Ihl and Co., 1956. 
369 pages. Illustrated. 47s. 6d. 

A guide with detailed descriptions of German machine 
tools. Divided by kind of machine, with a manufacturer’s 
index. Conversion tables. In English. 

Hardy, H. W. “Planetary Gearing : Design and Efficiency.” 
Brighton, Machinery Publishing Co., 1956. 59 pages. 
Diagrams. 4s. 6d (Yellow Back Series, No. 37.) 
An account of planetary gearing based on the equivalent- 
lever and tabular methods-with a number of fully worked 
out examples and methods of calculating the efficiency 
of single and multiple units. 
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Heine, Richard W. and Rosenthal, Philip C. “ Principles 
of Metal Casting.” New York, McGraw-Hill, 1955. 
639 pages. Illustrated. Diagrams. 56s. 6d. 
Intended as a textbook for first-year college students; 
for metallurgical engineering students. Only certain 
chapters are assigned to the latter and there is a certain 
amount of duplication for the sake of emphasis. 


*“* Hopper Feeds as an Aid to Automation: Design and 

Application of Automatic Feed Devices in the Machine 
Shop.” Brighton, Machinery Publishing Co., 1956. 
68 pages. Illustrated. Diagrams. 4s. 6d. (Yellow Back 
Series, No. 39.) 
Discusses the basic principles of the various types of 
hopper feeds, and the design of hoppers for some special 
applications. The intermediate feed mechanisms associated 
with such hoppers are described. 


** Calder Hall”: the story of Britain’s 


Jay, Kenneth. 
London, Methuen, 1956. 


first atomic power station. 
88 pages. Diagrams. 5s. 
A popular description of Calder Hall. 


**Machine Tool Automation by Electronic Control.” 

Automatic repetitive operation and positioning by tape, 
computer and other related methods. Brighton, 
Machinery Publishing Co., 1956. 88 pages. Diagrams. 
4s. 6d. (Yellow Back Series, No. 38.) 
Describes systems of machine tool control and employ 
electronics, especially those based on the electronic com- 
puter, and on punched and magnetic tape. Systems of 
precision automatic positioning of machine tool members 
by electronics are also dealt with. 


Organisation for European Economic Co-operation, Paris. 
“Internal Transport in Iron and Steel Works.” 
Paris, European Productivity Agency of the O.E.E.C., 
1956. 216 pages. 59 photographs. 7s. 

Report of a mission undertaken for the European 
Productivity Agency by the Chambre Syndicale de la 
Sidergurgie Francaise. The mission studied methods used 
in the iron and steel works of several European countries. 


Organisation for European Economic Co-operation, Paris. 

** Titanium, Zirconium and Some Other Elements of 
Growing Importance.” Paris, European Productivity 
Agency of the O.E.E.C., 1956. 123 pages. Illustrated. 
Diagrams. 10s. 
Report of a mission which visited the U.S.A. Its main 
task was to study the production and refining of titanium, 
zirconium and beryllium. Its second task was to study the 
semi-conductor metals and compounds, and metals for 
high-temperature use. 


“Oxford History of Technology, Vol. 2 — The 

Mediterranean Civilisations and the Middle Ages, 
ce. 700 B.C. to A.D. 1500. Oxford, Clarendon Press, 
1956. 802 pages. Illustrated. 44 plates. 
The second of the proposed five volumes of the “Oxford 
History”. Vol. 1 dealt with the earliest times to the fall 
of the ancient empires (c. 500 B.C.), and the last will 
deal with the age of steel (1850 - 1900). 


Pyke, Magnus. ‘“* Automation : its Purpose and Future.” 
London, MHutchinson’s Scientific and Technical 
Publications, 1956. 191 pages. Illustrated. Diagrams. 16s. 
The author describes the basic principles of “automation” 
with particular reference to the computer, and goes on to 
describe their applications in various industries. He 
discusses the factors likely to effect the speed with which 
‘automation ” is introduced in different countries. 


Schlesinger, G. “ Die Werkzeugmaschinen : Grundlagen, 
Berechnung und Konstruktion.” Berlin, Springer, 1936. 
2 volumes. Illustrated. Diagrams. Plates. 

This classic work on machine tools is now a bookseller’s 
rarity. The Library is fortunate to possess a copy of the 
first edition. 

American Society of Mechanical Engineers, New York. 
‘Engineering Tables”, edited by Jesse Huckert. 
Sponsored by the Metals Engineering Handbook Board 
of the American Society of Mechanical Engineers. New 
York, etc., McGraw-Hill, 1956. 15 parts. Tables. 
Diagrams. 90s. 
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The aim of the handbook is to provide tables which are 
often wanted by engineers, but which are not generally 
found in handbooks. Thus “methods of finding the 
loads on ball bearings are included ; the loads that ball 
bearings can safely carry are not. Data upon bars and 
tubes suitable for revoking into gears, levers, shafts or 
screws are included ; the sizes of rolled sections as used 
in structures are not’. In general a source is given for 
each table, most usually the A.S.A. There is a useful 
list of U.S.A. standards and specifications. 


American Society for Metals, Cleveland, Ohio. ‘* Metals 

Handbook : 1955 Supplement.” Prepared under the 
direction of the Metals Handbook Committee. Taylor 
Lyman, editor. Cleveland, American Society for Metals, 
1955. 203 pages. Illustrated. Diagrams. 
This is the second supplement to the 1948 Metals 
Handbook. The work is divided into four sections: 
Metals and applications; Design and application ; 
Processing and fabrication ; Testing and inspection. 


Cole, E. B. ‘** The Theory of Vibrations for Engineers.” 
3rd edition. Londof, Crosby Lockwood, 1957. 362 pages. 
Diagrams. 30s. 

This textbook is intended to bridge the gap between the 
accounts of elementary principles which appear in most 
textbooks and the many advanced Papers which have 
appeared in recent years, which, because of the high 
degree of mathematical attainment necessary for their 
comprehension, cannot be appreciated by the average 
engineer and student. In this edition the scope of the 
work has been extended either in the text or in the 
appendices, and the number of worked-out examples has 


been added to. 


Corporation of Secretaries, London. ‘* The Secretary’s 
Guide to the Restrictive Trade Practices Act, 1956”, 
by the Right Honourable the Lord Meston, Barrister-at- 
Law. London, Corporation of Secretaries, 1956. 96 pages. 
A well indexed and well planned guide. 


Institute of Welding, London. ‘* Handbook of Welding 

Design.”” Compiled under the auspices of a special 
committee of the Institute of Welding. General editor, 
C. Rowland Harman. Vol. 1. London, Pitman, for the 
Institute of Welding, 1956. 305 pages. Tables. 
Diagrams. 45s. 
This handbook supersedes the Institute’s “ Handbook for 
Welded Structural Steelwork ’’, which was last revised in 
1946. “The handbook is confined to information relevant 
to the design of products fabricated in mild or low-alloy 
steels by the metal arc welding process. | Wherever 
possible the information is based upon the relevant British 
Standard or other recognised specification . . . The 
workshop aspects of welding are referred to only where 
the designer can be given guidance to avoid fabrication 
difficulties by careful choice of design and details. The 
purpose of this first volume is to provide the designer of 
a welded assembly with the fundamental data necessary 
to design a product that is both econcmical to make and 
of the required standard of quality.” The principles of 
the arc welding process are described, and information 
given about the thermal and metallurgical effects of 
welding, the use of pre- and post-heating methods, and 
the considerations involved when the automatic arc 
welding processes are used. The materials generally 
available are described and guidance given on their use. 
As these materials are available in a number of rolled 
shapes, data is given on the properties of British rolled 
sections, together with tables showing the properties of 
composite built-up sections assembled by welding. There 
is a summary of the British classification of mild-steel 
electrodes, and information about their applications. The 
design and application of welded joints and structures are 
fully dealt with in three chapters. Factors influencing 
welding costs are discussed in the final chapter, and a 
short appendix gives a summary of the maximum 
dimensions and weight limits laid down by regulations for 
the transport of goods by rail and road. Volumes 2 and 
3 will deal with the application of principles and data 
given in Volume 1. 
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‘ILOCUT™ 


CUTTING OILS 


and the ROLLS-ROYCE Dart 510 








“Tlocut” is Wakefield-Dick’s best known 
range of neat cutting oils. Its high quality 
never varies— and it is specified by a number 
of this country’s leading production en- 
gineers. Rolls-Royce Ltd. use “Ilocut” and 
many other of our production oils in 
their Aero Engine Division at Derby in 
addition to their Crewe, Barnoldswick 


and Glasgow works. 


WAKEFIELD-DICK INDUSTRIAL OILS LTOD., 














Orcutt H.K.N. External Helical Gear Grinding 
machine grinding low-speed teeth of Dart 510 
propeller turbine layshaft at Derby with “Ilocut”’ 
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IF YOU WANT THE BEST 
OF EVERYTHING TO DO WITH 
TUBULAR SGAFFOLDING SERVICE 
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MILLS SCAFFOLD CO. LTD. 


(A subsidiary of Guest, Keen & Nettlefo!lds, Ltd.) 
Head Office: TRUSSLEY WORKS, HAMMERSMITH GROVE, LONDON, W.6 -¢ ##TELEPHOGNE: RIVERSIDE 3011 


Agents and Depots: BELFAST * BIRMINGHAM * BOURNEMOUTH BRIGHTON °* BRISTOL * CANTERBURY °* CARDIFF 
COVENTF.-Y * CROYDON * DUBLIN GLASGOW HULL * ILFORD * LIVERPOOL * LOWESTOFT * MANCHESTER 
NEWCASTLE * NORWICH * PLYMOUTH * PORTSMOUTH * READING * SHIPLEY * SOUTHAMPTON * SWANSEA * YARMOUTH 
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FURLONG 


Was originally a Saxon measure based on the length 
of a furrow in a “common” field which roughly occupied a square of 10 acres. 


Tt was later standardised as sth of a mile, 


Over the years, standards have been evolved by man to meet his personal needs 
and to regulate his trade and general relationships with his fellows. 

The main function of the British Standards Institution is to set up and maintain 
standards of quality, fitness for purpose and performance so that users may rest assured that 
they are obtaining value for money. 

In some cases the existing procedure of a producer is accepted as the best practice of 
the art and is taken as a basis for the standard in question. Thus British Standard 1004 
(Zinc Alloys for Die Casting) was based on the established practice of the Imperial Smelting 
Corporation in the production of MAZAK. 





The Standard by which others are judged, 


A PROOUCT OF 


[mere Serie 





CONSOLIDATED ZINC CORPORATION (SALES) LIMITED, 37 DOVER STREET, LONDON, W.I. 
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HORIZONTAL MILLING 
AND BORING MACHINE 
™ — This new Asquith machine has been de- 
, signed to meet the need for dual purpose 
\ equipment in heavy machine shops, 
“ where great savings in time and cost are 
— being effected by milling (instead of 
“Ss : 4 | E planing) and boring, drilling, tapping, 
i —— ae etc., in many instances all at one setting 
a of large components. 
> & ram and spindle are fitted and both 
. at es heavy milling and boring can be carried 
M4 out. The ram, of rectangular section, 
a houses the milling sleeve and spindle; 
ee the front of the ram being provided with 
= a facing to which can be bolted various 
— types of milling attachments. 
: __ This type of Asquith machine is available 
in four sizes, with spindle diameter 6in., 
. 7in., 8in. or 10in. 
ee 4 
iL: — a + Write today for the 
1 e Asquith Ram Type 
Borer Catalogue. 
4 The 
: bed ed We cams! 
: : = Die, | unlog 
ga m The 
e . infee 
ee o d 
> ee WILLIAM ASQUITHLTD. | “’ 
HALIFAX: ENGLAND in 
So ee : both 
perce ee opera 
= be m 
Drun 
range 
_— ER # intere 
Sales & Service for... DRUM Wo me D-ASQUITH ... the British Isles 
DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM Dk 
"Phone : Midland 3431 (7 lines) ‘Grams : Moxishope, B'ham, Also at LONDON : Phone : Trafalgar 7224 (5 lines) and GLASGOW : ‘Phone: Central 3411 ‘Phe 
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AUTOMATIC MULTI-TOOL LATHES 


Help speed production 
of multi-diameter shafts © 








The ‘‘ Maximatic” is shown tooled-up for turning steel 
camshafts. The operator's duties consist simply of 
unloading, loading and operating the main control lever. 
The tool slide carries out an automatic cycle of quick 
infeed, turn and quick return. All motors then stop 
ready for the component to be removed. 


In the example shown, only the rear slide is employed 
for turning, but a combination of slides can be used for 
both turning and facing, each cross slide being independently 
operated by flat former plates, and adjustment can readily 
be made when a different component is required. 


Drummond Automatic Multi-Tool Lathes are built in a 
range of sizes from 6 in. X 18 in. up to 15 in. X 102 in. 


Write today for details of the size of machine which would DRUMMOND BROS., LTD. 


interest you. GUILDFORD - ENGLAND 


Sales & Service for... a | Mmi® D-ASOU ITH ... the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 
‘Phone: Midland 3431 (7 lines) ‘Grams: Maxishope, B’hom. Also at LONDON : Phone : Trofalgar 7224 (5 lines) and GLASGOW : ‘Phone : Central 341! 
D204 








The » 


XLVili The Institution of Production Engineers Journal 


AUTOMATIC SIZING 
INTERNAL GRINDING MACHINE 














Single or double automatic cycle operation according to work. 
Plunge cut and traverse grinding. 
CHURCHILL Automatic Sizing Internal Feed accelerator reduces production time. 
Exceptionally wide range of roughing and finishing feeds. 
Diminishing rate of feed to zero with variable electric dwell at 
their accuracy and speed of produc- size position. 
Adjustable oscillation for building-up finish on blind end and open 
short length bores. 
from supplying very many machines Hand feed to dead stop for plain internal grinding. 
has been fully utilised in the Model Operational safety— provision for immediate interruption of 
automatic cycle for emergency run-out — enclosing of dogs and 
plungers eliminates “ finger traps ”. 
operation over a wide range of work Can be equipped for combined hole and face grinding. 


Grinding Machines are renowned for 


tion. The extensive experience gained 


“HBM’ to ensure highly efficient 


THE CHURCHILL MACHINE TOOL CO. LTD., BROADHEATH, nr. MANCHESTER. 
Telephone: Altrincham 3262. Telegrams: Churchale, Manchester. 
Export Sales Organisation: Associated British Machine Tool Makers Ltd., 

London, Branches and Agents. 


Home Selling Agents: Charles Churchill & Co. Ltd., Birmingham and 
Branches. 
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PRECISION plas PRODUCTION 











The Institution of Production Engineers Journal 


model 
Unitrace Profiling 


Lathe 








TURNING STANDARD SLIDING 
PROFILING, BORING SURFACING & SCREWCUTTING 
SURFACING LATHE ALL IN ONE MACHINE 





own =| /=\ | JOHN LANG & SONS LTD. 


ASSOCIATED BRITISH MACHINE sf (3 } 4 JOHNSTONE RENFREWSHIRE SCOTLAND 


TOOL MAKERS LIMITED : ee f 
17 GROSVENOR GARDENS SWI i ae 2 TI cj Telephone: Johnstone 400 Telegrams: ‘‘ Lang Johnstone’ 
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PHOSPHOR 
BRONZE 
sie ol, CASTING Floor-to-Floor Time: 3 mins. 10 secs. each. 
(Mf et L |__ TectPeskion | Spindie Surface Feed 
DESCRIPTION OF OPERATION Speed Speed Cuts 
Hex. Turret | Cross-slide R.P.M. Ft. per Min.| per inch 
No. 3A 1. Chuck on X : - - - - - = — —_ _ 
2. Rough Face End - - - - | — Rear 540 480 Hand 
CAPSTAN LATHE 3. Rough Bore 13” and Knee Turn33” + | 540 480 125 
4. Finish Bore BandC - - - - 2 955 624 125 
5. 2nd Bore 13” dia. Finish Knee Turn 31” 3 955 812 125 
FITTED WITH 73:n3-JAW AIR CHUCK 6. Face End and Radius - ° . a —- Front 1650 1404 Hand 
7. Taper Bore (2 Cuts) - . - - 4 1650 1080 234 
Tungsten Carbide Cutting 8. Microbore 11” dia. 2 - 53 4 5 ” 1650 540 234 
Youks 9. Chamfer Corners + - - + = 1650 1080 Hand 
10. Remove - - - - - 4 Ss 


| | C0 SELLY OAK rN 
sik BIRMINGHAM 29 §&_# 
LTD od A LO) ey od 
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DIAMOND 


cut 


DIAMOND 


We 





use our own products 


Carbon moulds are used in the 
production of Diadril mining equipment. 
To ensure consistent accuracy in 
the finished product we machine 
the mould cavities with specially 


designed Diatipt cutters 





VAN MOPPES & SONS (DIAMOND TOOLS) LTD 
BASINGSTOKE - HAMPSHIRE - ENGLAND 





TELEPHONE: BASINGSTOKE 1240 
TELEGRAMS: DIATIPT BASINGSTOKE 











OUR ILLUSTRATED DATA SHEETS AND OUR TECHNICAL REPRESENTATIVES ARE AVAILABLE ON REQUEST 
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RAWLPLUG 


Liii 


Your ACS wie 


FIXING DEVIGES 


FOR SPEEDY FIXING IN ANY MATERIAL 


No more trouble or costly delay because the material was ‘difficult’ ! 
Whether it’s concrete or plastic, breeze or sheet metal, cavity 

brick or lath and plaster, there’s a Rawlplug Fixing Device that 
makes firm screw or bolt fixings quickly, easily and economically. 
The speedy answer to every fixing problem is one or other 

of the 21 different types of Rawlplug Fixing Devices. 

Write for illustrated brochure. 














Use the famous RAWLPLUG for 
neat, firm fixingsin brick, stone, 
etc. All sizes up to 3” diameter 
Coach Screws. Rawiplugs are 
waterproof and unaffected by 
climatic conditions. 








Rawlplug WHITE BRONZE PLUGS 
are specially suitable when. the 
fixing is subject to very high 
temperatures, such as the outer 
brick coverings of furnaces. Use 
also for under-water fixtures. 














For bolting down machines, use 
RAWLBOLTS., a dry fixing that 
grips by expansion. No cold 
chiselling, no waiting for cement 
to harden. Sizes up to 1” bolt 
diameter. 








Use Rawiplug BOLT ANCHORS 
for bolting down in extremely 
wet or corrosive situations. 
Caulking completely seals 
the anchorage. Use also for 
anchoring Diesel Generators, 
Power Hammers, etc. 























Screwed up from the front the 
amazing RAWLNUT forms its 
own rivet head behind the 
material—airtight, watertight. 
vibration-proof, squeak-proof ! 
For all thin or hollow materials. 








For ceilings of lath and plaster, 
plasterboard, etc., use Rawiplug 
SPRING TOGGLES. The inserted 
Toggle springs open behind the 
material, spreading the load over 
a wide area. 


























ss FIXING DEVICES 


When replying to 








diffrent typec of firing device far Speed, and Strength 


Made by THE RAWLPLUG CO. LTD., CROMWELL ROAD, LONDON, S.W.7 
The World’s largest Manufacturers of Fixing Devices. 
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Mighty modern machines upon which 
the wheels of a whole 

industry may depend must be 
perfect and completely reliable. 
Knowing this, designers are wise 
indeed to specify their Bright 

Steel Bar requirements from Kirkstall. 





Yorkshire 


HORSFORTH 282! 


Leeds 5 : 


TELEPHONE: 


\ 


\ 


Kirkstall Forse 
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We at Kirkstall have been working tron 
or steel for over seven hundred years. 


All 
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GEAR TOOTH 
ROUNDING & 
DE-BURRING 
MACHINES 


we 
TWO SPINDLE HEAD AVAILABLE 
FOR VOLUME PRODUCTION 








Fast approach of bell-type cutter, self 
indexing after reaching pre-set depth and 
automatic stopping on completion of 


cycle, make the HURTH Model ZK4 an 


ideal machine for batch work on spur LW/2\0(e' aN 


and helical gears, starter rings, clutches, ASSOCIATES LIMITED 


etc. Maximum work-piece dia: 12”. 
Range of teeth rounded: chamfered or 4, QUEEN STREET, CURZON STREET, LONDON, W.|I 


de-burred 25-6 D.P., 7-I10 teeth per sre saceailiueenenimieiinueas 


Midland Office: WILFORD CRESCENT, NOTTINGHAM 


Telephone: NOTTINGHAM 88008 





gear. Speeds up to 120 teeth per minute. 


' 
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PIECES PER HOUR 
FINISHED COMPLETE “BOTH ENDS” | 
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(ConoMATICS, 


sOo8 séeT UP 





Component... ... ..» 2” union 
PURCOFERT = acs nee ae FLFtS. \ 
errs |i 
rer 764 


Cutting ft. per min. ... ... 287 


Time per part... ... 28 secs. 


Hour prod. gross 





PROMPT 
DELIVERY 
,_ = _ So. sammmmacaie ‘ 
Pe MEL CHARLES CHURCHILL & CO LIMITED 
Ny r COVENTRY ROAD SOUTH YARDLEY BIRMINGHA™M 25 
BRANCHES LONDON GLASGOW NEWCASTLE MANCHESTER b 
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EENGN 
WATER COOLERS 


In any process in which heat must be 
removed by water, very attractive 
financial savings can be secured by 
continuously re-cooling and re- 
circulating the water. 


Consult us on your needs. 






ENGLAND 


C57 


HEENAN & FROUDE LTD :: WORCESTER 
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SNOW 


DUPLEX 





DIscC 
GRINDER 
aorr® 


‘SNOWY 


EY 






By installing a Snow duplex 


disc grinder, Jaguar Cars 





Limited boost output of 
connecting rods to four per 


minute (a 900°, increase). 


Photo by courtesy of Metalworking Production 
& GO. LTD. Machine Tool Makers STANLEY ST. SHEFFIELD 3° 


LONDON 58 Victoria Street, S.W.1. BIRMINGHAM Daimler House, Paradise Street 








The Institution of Production Engineers Journal 


No bottlenecks bere !... 


Verticalautos at work 


Smoothly, swiftly, economically, production flows along without 
hindrances where Verticalautos are at work! The work is loaded, a 
control is pressed; the six spindles index automatically through five 
working stations where auto-fed tools perform a succession of drilling, 
forming, tapping, milling operations and the job returns for unloading 
—finished or in a steady stream to the next machine. Minimum 
handling, minimum labour, minimum time.... 

This is modern high-speed production at its smoothest. There’s a place 
for it in your plant too. 


THOMAS RYDER & SON LTD 
TURNER BRIDGE WORKS Ryd #3 i VERTICALAUTO 


BOLTON + ENGLAND 


MAKERS ALSO OF SINGLE SPINDLE RYDERMATICS AND PISTON RING LATHES 
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There are no better diamond tools than those manufactured 
by Impregnated Diamond Products Limited of Gloucester. 
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TODAY’S PROBLEMS IN INDUSTRY 


Cutting Machining Time 


7 





In these days of competition both at home and abroad, machining time is a vital factor in main- 
taining competitive prices. It is expensive in labour and materials, and accounts for a considerable 
proportion of overall production costs. One way of cutting it to a minimum, however, is zinc die 
casting. Consider carburettors, for example. These are one of the first component parts for which 
zinc alloy die castings were regularly used, and as their design has become more and more compli- 
cated, die castings have proved themselves to increasing advantage. No other process allows such 
fast production of accurately held, complex shapes. Cored holes need only reaming or, where 
necessary, tapping; and the free machining qualities of zinc alloys make such operations easy and 
fast. Mating surfaces can often be used as cast. Justifiably this process is claimed to be the shortest 


distance between raw material and finished product. 


Write for list of members and publications describing the properties and uses of die castings to:— 








2 ZINC ALLOY DIE CASTERS ASSOCIATION 
[ZADBA) 


34 Berkeley Square, London, W.!. Telephone: GROsvenor 6636 
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PRECIMA 


SURFACE GRINDING 


—SPEEDS PRODUCTION 
AT RALEIGH INDUSTRIES LTD. 


These PRECIMAX Type SV 12/48 surface 
grinders are setting up excellent production 
rates on the finishing of magnets for hub 
dynamos at Raleigh Industries Ltd. Nottingham. 
Ordered at varying intervals, and in regular 
use, the number of machines, here, have 
reached a total of five. Such repeat orders are a 
sure indication of satisfactory performance. 
The range inciudes sizes to meet all require- 
ments, and full details will be sent on request. 


MATHINERY 
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precision made throughout 





Hoover F.H.P. Motors have won universal recognition 
in industry for power, precision and performance 

Built around one basic design, incorporating all the 
latest engineering developments, this compact Hoover 
‘fractional’ is quiet, free from vibration, and has 

an exceptionally effective cooling system. 

Competitive in price, all Hoover F.H.P. Motors 

are backed by the unique Hoover service plan. 


For full technical information please write to: 


HOOVER LIMITED 


Industrial Products Department - Cambuslang - Lanarkshire - Scotland 
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The leading manufacturers 


of spark machining equipment Mk III Model 


now introduce their latest 65 kW 


















Harvester Tine forging die machined 
from the solid by Spark Machining in 
the hardened state 


2. Jet Compressor Blade Forging Die 
reconditioned by Spark Machining 


3. Layshaft Forging Die, preformed and 
finished by Spark Machining 





SPARCATRON | 
A battery of four Sparcatron heads operated from one main control 


unit in conjunction with three auxiliary control units. Manufactured by 


IMPREGNATED DIAMOND PRODUCTS 
LIMITED 
GLOUCESTER * ENGLAND 


Sole Agents for the United Kingdom + BURTON, GRIFFITHS & CO. LTD *« KITTS GREEN ‘ BIRMINGHAM 33 
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ms 


rough and finish-turn at one setting 





| Hydraulically Controlled 
| Single Spindle Precision 
Chucking Automatics 


Permits many varied operations for each 
chucking of the workpiece. 


Guaranteed consistent accuracy to 
+ -0002”. 


All turret and cross-slide movements 
hydraulically controlled with fast 
return. Fast approach travel of 
turret controlled by independent 
stops for each turret station. 





Independent overhead and 
rear cross-slides. Infinitely 
variable feeds. 


Model RA 160/125 
Normal turn. dia. 6 1/4** 
Max, turning length 5” 


Model KA 200/150 & 
KAL 200/250 

Normal turning dia. 8” 
Max. turn. length 6” 10” 


Model DA 400 
Normal turning dia. 16” 
Max, turning length 10” 


Wide range of infinitely variable work 
spindle speeds. 


Quick and easy setting permits 
economical running even on small 
batches. 


Other models available 
Write for Publication MA/2 to Sole Agents in the U.K. 


SIDNEY G. JONES LIMITED, 8 BALHAM HILL, LONDON, S.W.12. 


Tel ; BATtersea 3246 
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1) Motor-cycle cylinder, produc- 
tion time according to size and number 
of operations involved. These cy- 
linders can be finish-bored ready 
for honing on the MONFORTS 
hydraulically controlled Automatic 
Type KA 


2 Special hub, cast bronze, 2 
settings, in | rotation of the turret, 
(change-over tooling method), wide 
internal recess with interrupted cut. 
Time 2.2 mins. 


3 Motor-cycle hub, light metal 
forging, 25 tons tensile strength, 200 
mm. (8”) outside diameter. Time 
3.5 mins. 


SIDNEY JONES 


Telex : No, 8723 
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WHY DO 


J,422 


- : 
6 \\ 


NOZZLES QUTLAST [i 
THEM ALL? | 


7 





Because the Carbon Tetra Boride 
lining is so far as we know 
the hardest man-made material 
commercially produced. 
Its resistance to abrasion, erosion and 
chemical action 1s greater than 


that of any other hard metal. 


> Glostics Ltd 


AGENTS - IMPREGNATED DIAMOND PRODUCTS LTD 


TUFFLEY CRESCENT - GLOUCESTER 















































Model KL 4” x 18” high precision cylindrical 
grinder available with self-contained internal . 
grinding attachment and ‘Trumatic’ wheel-wear 


and size compensator. One of a range of superior 


full details on request to 


MACHINE TOOLS 

















NEW ALL GROUP SALES LIMITED 


PETERBOROUGH PHONE 3227-8-9 


KEIGHLEY PHONE 4294 
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CONSISTENT ACCURACY... 


> CONCENTRIC 
CONSCIENTIOUS SERVICE. . } C 

Z 
: 

| 

: 

| 

| 

| 

| 


OMPONENTS 


CONVINCING PERFORMANCE. J Precision Parts that 
Whe: ; meet the highly 

_ specialized requirements 

of the Car and 


“Commercial Vehicle 


Industries. 














: WATER PUMPS - STEERING IDLERS - GEAR 
CHANGE MECHANISMS - BRAKE DRUMS 


PUSH RODS - BALL PINS - SHACKLE PLATES, 


| 

| 

| THRUST PLATES & ASSEMBLIES » MACHINED 
x | COMPONENTS OF ALL KINDS. 

| 


MANUFACTURING CO.LTD 


Manufactured in a modern factory 
specially designed and equipped to TY8CRN ROAD. B/RNM/INGHAM 24 


coerae a better job in less time and Telephone : EAST 2081+2-3-4-5 
sicciaaiaaliaias Telegrams : ‘‘Accelerate"’ Phone Birmingham 
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WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 





Whatever it is you need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Ltp. 


IPSWICH 


Telegrams: Reavell, Ipswich Telephone Nos.: 2124-5 

















AS USED AND 


tals RECOMMENDED 
Specialists - 
Messrs. 
in JOHN LUND LTD. 
CROSS HILLS, 
KEIGHLEY. 
Hydraulic IN THEIR 
“PRECIMAX” 
Lubrication 





THE LONDON OIL REFINING CO. LTD. 


ESTABLISHED 1890 | 


LORCO WORKS 
LONDON, S.E.15 MANCHESTER 11 
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BROAD 








For more than 80 years the name of BROADBENT 
has been synonymous with high quality centre lathes. 
The accumulated knowledge and experience of lathe 
manufacture gained during that time is reflected in 
the design and performance of present-day machines. 


In addition to standard Centre Lathes from 84” to 24” 
height of centres, we also specialise in Surfacing and 
Boring Lathes, Break Lathes, Heavy Duty Horizontal 
Plano-Milling Machines and Vertical Boring and 
Turning Mills. 


124” to 18” lathes can be offered for early delivery. 
Write or telephone for full details. 


(i HENRY BROADBENT LIMITED 


SOWERBY BRIDGE, YORKS. Telephone : HALIFAX 81331 





NF ee RR Ta ROR 
Riese re octane wee } 
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Filtration problems 

can make it a dogs life 
but if you put us ‘on the 
right scent’, our exper- 
ience—over a quarter 
of a century—in the 
specialised production 
of filters, strainers 


floats and ventila- 





s 
id 
e ‘ ° 
. tors will, no doubt, 
Pere 
=e 
ote} enable us to 
wal. 
ater 
ao 
OF solve your 
s Sv 
“0! problems 
e . 
2: 
aes 


*“s5) 


Send for our 
catalogue 


No. IPE 57 


Intermil 
‘Limited 


BRADFORD STREET: BIRMINGHAM 5 


Telephone : Midland 7961 (4 lines). 
SM/12795 
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“Tf we MUST put the work out...” 


*...make sure we give it to an organization we can trust. 
It's no good taking the cheapest quote if we constantly have 
to chase deliveries, reject batches or iron out other people's 
problems for them. Remember, our own reputation’s at 
stake, John...” | 
Tying yourself to an outside supplier on long-run 
production certainly calls for caution. But if you 
look for experience, integrity and responsibility, 
you can find yourself in the happy position of 
having a_ virtually automatic extension to 
your own organization, completely free from 
administrative demands and from any necessity 
tor close, personal supervision. 


We are currently fulfilling long and short-run 
contracts for many nationally-known manu- 
facturers, involving presswork up to 400 tons, 
spinning, welding, fabrication, finishing and 
complete assembly of a very wide range of articles. 
We cordially invite you to come and see us in 
action, and judge our capacity and standards for 
yourself. 


‘* .. give it to Adams Bros. & Burnley.”’ 
| hy 








oe 


ADAMS BROS. & BURNLEY LTD. 


Elmgrove Road, Harrow, Middx. Tel: HARrow 6411 (5 lines) 





Th 


CE 
Gr 
Sci 
Sc! 
Ci 


nal 





awe 


) Se. 


BUeCee reer a get 


) 





The Institutton of Production Engineers Journal 





THREADING 


CEJ PRODUCTS 


Ground Thread Taps Micro Snap Gauges 

Screw Plug Gauges Surface Finish 

Screw Ring Gauges Indicators 

Circular Chasers and Micrometers 
Holders Bore Gauges 

Round Dies Deltameters 

Thread Milling Hobs (Automatic Sizers) 

Thread Rolling Dies Drill Chucks 

Plain Plug Gauges Gauge Blocks 

Mikrokators Dynamometers 





LXNiil 





TOOLS 


Extensometers 
Plain and Screw Snap 
Gauges 


Plain Ring Gauges 
Gronkvist Drill Chucks 
Dial Gauges 





Tapping Attachments 


Multiple Interference 
Microscopes 


Vernier Height Gauges 





A.1.D. AND A.P.1. APPROVED 
SOUTHFIELDS ROAD, DUNSTABLE, BEDS - TEL: DUNSTABLE 422/3 





DHB/236! 
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A new HIGH SPEED 
milling technique for 










[ Wadkin Routers’ can 
3 reduce production times 
on Non-ferrous com- 
Wag Dead con ponents from hours to 
er minutes. With spindle 
sical speeds up to 18,000 r.p.m. the metal is cut at the highest possible surface speed. 
That’s why a metal removal rate of 20 cu.in./min. is easily accomplished. The 
Articulated Arm Router is the latest development of the radial arm type. Full 
The high cutting speeds employed, details of this machine are given in Leaflet 831, available on request. 
namely 12,000 and 18,000 r.p.m. and 
the low tooth loading of the cutter 
makes routing particularly suitable 








Photograph by courtesy of Freeman, 
Taylor Machines, Ltd., Syston. 






sTOCcK ———— 
REMOVED 


NO TEMPLATE 
NECESSARY 


for face milling components such Telephone: Leicester 67114 Telephone: MA Yfair 7048-9 





as the machine guard shown above. 





Wadkin Ltd., Green Lane Works, Leicester. London Office : 62-64 Brook Street, W.1. 











Whichever way you 
Look at it 


C/A/R/B/I/DIE 





Look at it this way—Edibrac 

2 read backwards spells carbide 
—and Edibrac carbide tips 
spell longer life! 
































Write for further information about 


CENTURION TOOLS TIPPED WITH EDIBRAC 
HIGH GRADE CEMENTED TUNGSTEN CARBIDE 


i 


—. 





Made Entirely by EDIBRAC LIMITED “CENTURION WORKS, BROADHEATH, ALTRINCHAM, NR. MANCHESTER 


Think hard-think EOIBRAC/ 


dm_EC.30. 
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50/120” Continuous Machine 
broaching Connecting Rods. 
20 Fixtures per machine. 
Production 1100 rods per hour. 








() 


Gome t 


~ 





for better broaching 





Continuous Broaching 
Machine close-up of fixture 
broaching Connecting Rods. 


THE LAPOINTE MACHINE TOOL CO. LTD 
OTTERSPOOL WATFORD-BY-PASS WATFORD HERTS 
TEL: GADEBROOK 3711 (1 LINES) CABLES: LAPOINTE WATFORD 


Also 
The Lapointe Machine Tool Company, Hudson, Mass, U.S.A. 





BRITISH MADE 


When replying to advertisements please mention the Journal 
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ROLSTORE 


Wi H. EELEP. oon 


_ gives you 
MORE STORAGE CAPACITY 


per square foot of floor area 


THAN ANY OTHER SYSTEM 


VV LA hel 










See ay 


Let our experts look at your store and show how 
much floor area they can save you 


Let TE EEE 


ACROW (ENGINEERS) LTD., SOUTH WHARF, PADDINGTON, LONDON, W.2. AMB 3456 (20 lines) 








WATTS 


ENGINEERS’ 
CLINOMETERS 


Accuracies up to 10 seconds 


Write for List JPE/25 to 


HILGER & WATTS LTD 


98, ST. PANCRAS WAY, LONDON, N.W.! 
Member of the Export Marketing Company BESTEC 
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they go to Town... 





at The Park Gate Iron & Steel Co Ltd 


In the Maintenance Shop a Town C.E.I. Heavy Radial Drilling 
Machine is kept busy on a great variety of work, in this 
case drilling a 3 in. hole in a Blooming Mill Manipulator Head. 


Parkgate are very satisfied with their ‘* Town” radials. 





ESTABLISHED - 1903 


& 
FRED'S TOWN & SONS LTD 


HALIFAX - YORKS 
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TWIST 
DRILLS | || 
Fo LONG LIFE ey Lu i 


at MAXIMUM 
PENETRATION RATES ; Ob 


SS 





TT «a 
— 
~~ 
“\ 





High Speed Steel Drills in a wide range 
of sizes and types to suit all requirements. 
Agents and Stockists for Intal Drills. 





STEELHOU: SE’ See fiee i OLIVER STREET - BIRMINGHAM 7 


7055 300/ (2 1mts) “Delegrams Cogs Birmingham 
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The most practical plant 


for Peder aa da PARTS 








A ‘Junior’ type machine supplied to a Midlands 
Motor Car Works. 


Dawson 


DE-GREASING 
AND CLEANING 
MACHINES 


A Rotary Drum machine for removing swarf ano 
grease from small components. a 
















Supplied for the washing and drying of Tractor A model ‘A’ machine, washing parts of motor 
parts. Crank Shafts, Sumps, Pressings, etc. car engines prior to assembly. 

Dawson Metal Parts cleaning machines are supplied for all branches of the engineering 

industry. Their chief characteristics are robustness of design, small number of working 

parts and simplicity of operation. Space only permits the illustration of four of the 

many types of machines built for quick economical washing and drying of Metal Parts. 


Sole Distributors 
DRUMMOND-ASQUITH (Sales) LTD., King Edward House, New Street, Birmingham. 
Telephone—Midland 343! 


Manufacturers—DAWSON BROS. LTD., Gomersal, LEEDS London Works—406 Roding Lane, South Wood- 
Tel.—Cleckheaton 1080 (5 lines) ford Green, Essex. Tel.—Wanstead 7777 (4 lines) 
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BUILT FOR SMALL DIAMETER COMPONENTS 






ANE 


WB Jomes-Shipman 


M AT Is MODEL 738 


¢@ MICROHONER 











This model has 

recently been introduced 
g to meet the demand 

for a honing machine 

to accommodate 

small diameter components 
a for honing bores 
/ from }” to |” diameter. 


The Model 738 

can be offered 

in two types, 

as a simple 

hand feed machine, 

or fully automatic, 

‘ for sizing the bores, 
gauging and segregating 
according to tolerances 
required. 





Micromatic Products 
are made and sold 
by us under U.S. Licence. 





A. A~. JONES & SHIPMAN LTD. 
NARBOROUGH ROAD SOUTH, LEICESTER 
Telephone: 33222 (8 lines) Telegrams: ‘CHUCK’, Leicester 
London Cffice: Murray House, 5 Vandon Street, Buckingham Gate, S.W.| 
Telephone: ABBey 5908 
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Three Centuries of Sheffield Steel 















Here is a selection from the wide range of 
MARSH CYC High Speed and MARSH 
Carbon Steel Engineers’ Tools. These tools, 
with MARSH Steels and Wire, are used by 
Government Departments and firms with 
household names, at home and abroad. 
We are a family firm, founded in 1631, and 
have a proud tradition of personal service 
to our customers the world over. MAY 


WE HELP YOU ? 


MARSH BROTHERS 








of Sheffield England 


PATENT CALIPER GAUG 


Each month one of the seven main advantages of this fine 
precision instrument will be described. 










MODEL 
§2 
























*@® Many different gauging @ Can be used for either left 
positions can be obtained. or right hand threads. 
@ The anvils are set so that & Particularly suitable for the 
they do not roll. gauging of acme forms of 
: thread. 
@ All shearing § action is . 
eliminated. e Can be supplied for “Go” 
only, or “NOT GO” only, or 
@ Particularly suitable for both “GO” & “NOT GO” 
gauging shouldered work. combined. 


NOTE THIS MONTH’S IMPORTANT FEATURE 








MANY DIFFERENT GAUGING POSITIONS CAN BE OBTAINED 
Both GO and NOT GO Jaws are adjustable and, as the gauging 
surfaces are radial and are eccentrically mounted, numerous 
gauging positions can be obtained and the necessity for re- 
grinding eliminated. The length of life is, therefore, greatly 
prolonged. 











Write today for a descriptive leaflet to:- 













BATH 7241° 





TEL: 


THE HORSTMANN GEAR CO. LTD., 
NEWBRIDGE WORKS.BATH. ENGLAND. 





GRAMS: HORSTMANN 





BATH 
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VERSATILE 
ECONOMICAL 


SENTINEL UNIT MACHINES 
incorporating the Renault- 
France system electro- 
mechanical heads. 

Built for—Drilling, Boring, 
Facing and Chamfering. 8 
different types of Manifolds 
(see inset). Two manifolds are 
loaded, pneumatically located 
and clamped. 

Press a button to start—and 
in less than 30 seconds the 
machining cycle is completed! 





AN EXAMPLE OF 
FLEXIBILITY 


This Unit Machine comprises a 

3 ft. Dry Base, and an EMH 
10 with Boring, Facing and 
Chamfering Tools. 

3 way Centre Base. 


4 ft. Dry Base, and an EMH 
10 with Boring, Facing and 
Chamfering Tools. 

Bridge Column, and an EMH 
20 with a 12 multi-spindle 
head. 








<2 _/ 2 
—— _ 
dy i 
NT) & centine! | 
Bln ° 


toes || a tC___F = — cea ie : ee 4 Ht 
SISo 4 3 ft. . Sf P : y Base for Vertical Ye) j p 
19 3 ft. Wet Base t. Dry Base t. Dry Base 5 fc. Wet Base Coluinn 4-Way Centre Base i — 
7 F * P . ; : ees 
gee The standard bases (with enclosed switchgear) and rotary tables are available with Bridge Column on 


: ; : : ; 4 ft. Dry Base 
machined mating faces for assembly into any combination of units. 


SENTINEL (SHREWSBURY) LTD SHREWSBURY ENGLAND 


Telephone: SHREWSBURY 2011 Telegrams: “SENTNOLL SHREWSBURY" London Office: 60 BUCKINGHAM PALACE ROAD LONDON S.W.1 Telephone: SLOANE 0098 
P4108 
When replying to advertisements please mention the Journal 
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paar 


FRUITS OF 
EXPERIENCE 














Since the Company's incep- 
tion our Research Depart- 
ment has constantly been 
studying development and 
improved quality control. 
Five years of experience in 
sintering in high vacuum 
have enabled us to develop 
a new technique in the pro- 
duction of carbide cutting 
tools and carbides for use in 
the mining industry. This 
results in a new high level of 
performance in all applica- 
tions. A new design of plan- 
ing tool, helical milling 
cutters and a patented tool 
for bar turning are among 
some recent developments 


PRODUCTION TOOL ALLOY CO. LTD 
SHARPENHOE, BEDFORD 
Telephone: Toddington 315-6-7. Telegrams: Perpro, Luton. Telex: 14-625. 


4 Avlical cutter made 
possible by our special 
manufacturing process, 











ACH FR TAPPING 
ATTACHMENTS 


WITH AUTOMAT/C REVERSE 


I Me 

















J special 
/ features 


@ SIMPLE TO OPERATE 

@ TAKES STANDARD HAND TAPS 

@ FITTED WITH SAFETY FRICTION DRIVE 
@ HARDENED NICKEL CHROME STEEL GEARS 






Gent TOOLS 






* ARCHER’ Tapping Chucks are also made as separate units 
for tapping operations where the auto-reverse is not required, 
and ean be supplied with friction drive having the Morse 
Taper Shank integral with the friction box; or with positive 
drive having Jacobs No. 2 series taper bore. 


Ask for List No. 105 


BRN 


F0U PS: GES ee Ried ARCHER TOOL WORKS : MILLHOUSES - SHEFFIELD & 
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| Versatile 
-Powerfu 


— for heavy duty on a wide 
range of work. 


jeladale 


34 VERTICAL 


REVERSIBLE AUTOMATIC FEEDS AND QUICK 
POWER TRAVERSE IN THREE DIRECTIONS 


The characteristic power and rigidity of the 34” 
Vertical Milling Machine is demonstrated to good 
effect when taking a }” cut at 34” per minute on 
this 4. carbon steel billet. This machine is 
installed at Geo. Swift & Sons Ltd., who find its 
great versatility invaluable in producing a wide 
range of machine tool components. All 12 feeds 
and spindle speeds are selected from the front of 
the machine, the speeds ranging from 29 - 520 or 
36 - 638 RPM.. and the feeds, }” to 20” per minute. 


me 


JAMES ARCHDALE & CO., LTD. 


BIRMINGHAM 16 - SOLE SELLING AGENTS : ALFRED HERBERT LTD. COVENTRY 
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STORAGE 
SPRAY 
JACKETED 
CHEMICAL 
MIXING 
HEATER 
LEAK TEST 
COOLER 
REACTION 
LINEN 
SEPARATOR 
HYDRO 
ROAD WAGON 
CONDENSE 
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TANKS and 





of all types for all purposes 


We offer an unequalled service in the design and fabrication 
of this highly specialised class of equipment. If you have 
any problem involving bulk storage, handling, conveyance or 
processing of liquids at normal cr maintained temperatures, 
it is possible that we could save you considerable worry, 
much time and money. 


W'B:BAWN 


& COMPANY LIMITED 











VESSELS 


PRESSURE 
VACUUM 
FILTER 
MIXING 
REACTION 
ACID 
JACKETED 


BYRON WORKS, BLACKHORSE LANE 
LONDON, E.17 * LARkswood 4411/4 








“JOHN HARRIS TOOLS LTD ._... 


WARWICK, 


LONDON Branch 


Phone : 1221 (6 lines) 


Phone: 


ABBey 3730 and 5069 


GLASGOW Branch 


74, York Street, C.2 Phone CENtral 3187 
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0.D.H. MOUNTED 
| ON SINE TABLE 





COMBINES THE HIGHEST PRECISION WITH 
ROBUST CONSTRUCTION e MAG. UP TO 1,000X 


Combining the following features: Dead centre, adjustable drive 
for zero settings, large vernier screen reading direct to 6 secs. 
(estimation 3 secs.) and conforms to N.P.L. Specification 
MOY/SCMI/56. Patent No. 599708. 













MAIN DIMENSIONS 
Height of Centres................. a (117.5 m/m.) 


Centre Distance (on Base) nas DAE (610 m/m.) 
Size of Face Plates ud ” dia. (190 m/m.) 
Size.of Centres ____..._ __............. No. 2 Morse: Taper 
WEIGHT OF HEAD ee enna ee 42 Ibs 


PRECISION 
GRINDING, LTD. bem nll 


MILL GREEN RD., 
MITCHAM, Surrey 


‘Phone: MITCHAM 3014 


O.H.D. MOUNTED ON 
JONES & SHIPMAN 540 
GRINDING MACHINE. 
CONTROLLING SERRA- 
TIONS HELD TO A 
TOLERANCE OF _ .0002” 
BOTH FOR SPACING 
AND DIAMETER 


A SUBSIDIARY OF GEORGE H. ALEXANDER MACHINERY LTD. 82-84 COLESHILL STREET, BIRMINGHAM. Phone ASTON CROSS 3264 
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ONE OF MANY DIFFERENT TYPES OF MACHINES 






Fate, 


isists, 
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BROCKHOUSE 


MACHINE TOOL 
REBUILDING 
SERVICE 


Why not consult us about that one-time useful machine tool 








which is now standing idle ? We have a comprehensive machine tool 3 i 
rebuilding service available for LATHES, AUTOMATICS, ie ( BROCKHOUS E ) 
MILLERS, SHAPERS, PRESSES and DIE CASTING MACHINES. 2 = 
Machines are completely stripped, parts replaced and when 





J. BROCKHOUSE & CO. LTD. 
Machine Tool Division 


ELMS WORKS - WOLVERHAMPTON 
: 23801 


rebuilt carry our six months’ guarantee. 


SEND FOR DESCRIPTIVE LEAFLET. 















Keeping Industry Rolling! 


Below and bottom left : 


@ Two views of the Teleflex installation at the 
4 Glasgow factory. Note the simplicity of 
layout and the method of suspension from 

X existing roof members. 










DUAL DIRECTIONAL 
CONVEYOR INSTALLATION 


for 


pombe 


Glasgow Factory 


WD# 


a Ze a al ee cs , Above: 
; _ . ae . aie Showing elevation through different 
floor levels. Each circuit delivers full 


frames of cigarettes for packing and 
returns same for re-charging. 





\ complete mechanical handling scheme recently installed, for carrying 
cigarettes through their various stages of manufacture. 

The system is elevated through different floor levels. The cradles are 
specially made to carry the stacking frames. This installation is an 
interesting example of the Teleflex Dual Directional system and its 
eminent suitability for being suspended from suitably located roof 
members. 


TELEFLEX PRODUCTS LTD. 


CHADWELL HEATH - ESSEX 


Photographs by courtesy of Messrs. W.D. & H.O. Wills Ltd. ? : sa e - 
Phone: Seven Kings 5771 Grams: Teleflex, Phone, Romford 


ALSO MANUFACTURERS OF THE WORLD RENOWNED TELEFLEX CONTROLS 



























The Institution of Production Engineers Journal LXXXVil 





Nothing more accurate 


od 


If at some stage in your process you require 

high operating speeds in sorting, batching, 

counting, computing, accurate and wide speed 

control, ornon-destructive testing and inspec- 
} tion, electronic equipment can do it. If the 
appropriate equipment does not already exist 
it can be designed and made for your job. 























than Electronics 








Once installed it will last as long as your 
machines and need little maintenance or 
attention. It will consistently raise the 
standard of your products. 


Because it does its work so quickly and so 
well you ww find production rising while 
overheads are reduced. This is only one of the 
many ways in which electricity is playing a 
vital part in the drive for higher productivity. 


Electricity for Productivity 


‘Induction and Dielectric Heating’, just published, is a 
very important addition to the E.D.A. series of books 
on Electricity and Productivity. Other titles available 
are Electric Motors and Controls, Higher Production, 
Lighting in Industry, Materials Handling, and Resis- 
tance Heating. Price 8/6, or 9/- post free. 

If you would like further advice or information on 
how electricity can improve productivity, get in touch 
with your ELECTRICITY BOARD, or with E.D.A. They 
can lend you, without charge, films about the uses of 
electricity in industry. 





issued by the 
British Electrical Development Association 
2 Savoy Hill, London, W.C.2 
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ers 


The only caper our Oldest Hand ever cuts, owing to his generous propor- 
tions, is the one that goes with boiled mutton. Our latest apprentice, 
however, is not unknown to lead the old man a dance at times. 


“Get down off that barrel, Pavlova,”’ our Oldest Hand 














orders sternly, “‘this is business, not ballet.” 
“* Bally ’ot business, if you ask me,” 
retorts our boy. 
“Just pour a little Sternosol-Six* 
over yourself, lad,”’ our old ’un 
advises, “it’s known for cooling 
harder working things than you!” 


Slevwol | culling oils 


/ 





* Please write for our cutting oil Schedule $S638. 


STERNOL LIMITED - ROYAL LONDON HOUSE - FINSBURY SQUARE - LONDON, E.C.2 - Tel. MONarch 3871-5 


The Fawcett-Finney 


HOBBING PRESSES 


Precision machines for 


MOULD MAKERS 


for the cheaper and quicker 
making of moulds 





Hand or pump operated from 200 to 1000 tons. 


. . . j 
New registered design, fabricated in high / j 
é & 
tensile steel giving compactness, accessibility ; ! 
and ease of operation, ample daylight and / 
bolster area. \ 
YOUR ENQUIRIES WELCOMED FOR THE ABOVE AND FOR Entirely self-contained 1000 ton Hobbing Press, 
SPECIALLY DESIGNED EQUIPMENT 12” daylight between bolsters. Platen area 18” x 18". 
BERKLEY $ TR EET - N G H A M 


In Association with FAWCETT PRESTON & CO ‘ak ‘an aeeener a 
and FINNEY PRESSES LIMITED BERKLEY STREET BIRMINGHAM I 


Telephone: MiDiand 3795-6-7 : Fi irmi i} 
A METAL INDUSTRIES GROUP COMPANY ae ee 


M 
FF/115 
































The Institution of Production Engineers Journal 





THE PRACTICAL WAY 
TO BEND TUBES WITH 
SPEED PRECISION 
MINIMUM SPOILAGE 


Cerrobend is a bismuth-based alloy, 
possessing unusual properties which 
render it an ideal filler for bending 
tubes and open sections. It has an 
extremely low melting point (160° F.) 
and expands slightly on solidification, 
enabling tubes with walls as thin as 
.007" to be bent as though they 
were solid bars, without rippling, 
puckering or flattening. ; 
Cerrobend is easily drained out after 
bending, by heating the tube or section 
in a hot water bath, and can be used 
again and again. This fact coupled 
with the saving of time and virtual 
elimination of rejects, effects a , 
considerable reduction in costs. 


% Full technical data will be sent on request. 


Mining & Chemical Products Ltd - 86 Strand, London, W.C.2 - Telephone: Covent Garden 3393 


70-76 ALCESTER ROAD SOUTH - KINGS HEATH - BIRMINGHAM 14 - Telephone: HIGHBURY 2281 


When replying to advertisements please mention the Journal 
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“ Newallastic” bolts and studs 
have qualities which are abso- 
lutely unique. They have been 
tested by every known device, 
and have been proved to be 
stronger and more _ resistant 
to fatigue than bolts or studs 
made by the usual method. 
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INDUSTRIAL CLEANING MACHINES 
can be designed to meet your 


HERE ARE THREE particular cleaning problems 
EXAMPLES 

















This illustration shows a machine A power driven conveyor system is Trays carrying the work are pushed 
cleaning crank cases in the production employed with this cleaning machine through on a roller conveyor by hand 
line. It is equally capable of cleaning for ball bearings. in this cleaning installation. 
small parts in baskets. 
Whilst offering a very wide variety of standard cleaning ensures maximum efficiency and economy of the plant 
equipment, it is BRATBY policy, wherever possible to in operation. The illustrations show but a few of the 


design the machine to meet the particular cleaning specific types of Cleaning Machines designed by 
problem. Careful study of each individual problem BRATBY for individual needs. 


Designed and Manufactured by: 


BRATBY & HINCHLIFFE LTD - GorTON LANE - MANCHESTER 18 - Tel.: EAST 2435 


The 

















The Institution of Production Engineers Journal xci 





Working 24 hours a day 
to move 600 tons of hot steel a week 

and averaging 130,000 stops and starts a month, 
this Crofts Radiation Worm Reduction Gear 
conveyor drive has done a vital production 

job for over six and a half years. 


And it goes on and on and on with no 
trouble at all, the only attention being 
maintenance of the correct oil level. 


You can get first class gears like this 
from stock for powers up to 75 hp, 
ratios up to 60 to | and Is" to 9” centres 


PHONE BRADFORD 65251 EXTENSION 555 FOR IMMEDIATE ACTION 
The standard range covers powers up to 450 hp—ask for Publication 521]A 


(ENGINEERS) LIMITED BRADFORD 3 ENGLAND 


Tel : 65251 (20 lines) Grams : ‘Crofters Bradford Telex’ Telex 51-426 


BRANCHES AT : Belfast, Birmingham, Bristol, Cardiff, Dublin, Glasgow, Leeds, Liverpool, London, Manchester, 
Newcastle, Northampton, Nottingham, Sheffield, Stoke. 


a Unattended in a poorly-ventilated 


pit at a busy steel rolling mill. 
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!7 PAVS VOU TO 
BUY MILLING CUTTERS 
AT MAKERS PRICES 





MN 





Sienn| | 
% Dolnery ly ketum, 


Head Office and Works: NUNEATON 
Branches at: 


Newcastle - London - Birmingham - Bristol Manchester - Glasgow - Belfast = 





You cannot be too careful about Cutting Fluids 





The present critical situation of the i 
Nation’s oil stocks makes it essential that 
all cutting fluid users exercise the greatest Re 
care in the use and storage of these € 
essential production lubricants. 

Much can be done to conserve stocks by 
(1) careful selection. (2) increased 
efficiency of application, (3) correct hand- 
ling and storage. Fletcher Miller Repre- 
sentatives will be pleased to assist users 
to this end — just write or telephone for 
this service. 

The latest edition of the Fletcher Miller 
booklet “ Cutting Fluids” also contains 
much useful information to assist engin- 
eers. Have you had your free copy yet? 
Ask for Publication No. SP.173 on your 
business card or heading. 





4 


i 
f- 


FLETCHER MILLER cutting fluids | 


YOUR PARTNERS IN PRODUCTION 
FLETCHER MILLER LTD . ALMA MILLS HYDE : CHESHIRE LU 
Telephone : Hyde 3471 (5 lines) Telegrams : Emulsion, Hyde 
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Q Your No. 7 Hydrax Hobbing Machine looks good — what is its 
production rate for a 32 teeth helical gear, 12 D.P., 36° 58’ helix 
angle, 2” face in E.N. 24 materials ? 















A Two gears would be hobbed together using hand 
loading with fully automatic cycle. The floor to floor 
time per gear would be 55 secs. — 480 gears in an 
8-hour shift. You benefit by the Hydrax technique and 
the finish would be suitable for shaving or grinding. 


WRITE AJ/QW @ FOR LEAFLET M. 104.4 














Q This looks an extremely robust machine — what will it do? 


A The PH30 Production Hobber, set for automatic 
cycle, will, to select a typical example, cut a 112 tooth 
helical gear, 5 D.P., 20° helix angle, 2” face in E.N. 8 in 
58 mins. floor to floor time. Three gears would be cut 

5 per setting and single roughing and finishing cuts only 
would be required. 


write MOW FOR LEAFLET M. 107.1 














Please address your 
replies to Gear Quiz 








Q We've heard about the tremendous production rate of this 
machine — what will it give us for our 32 teeth helical gears, 
12 D.P., 36° 58’ helix angle, 3” face in E.N. 24? THE 


. A Using the David Brown Oblique Traverse method, 
the S6H Shaving Machine will give a floor to floor 


time of only 32 secs. or 800 gears per 8-hour shift. 


The fully automatic cycle and changing would be used CORPORATION (SALES) LIMITED 


with hand loading. 
WRITE AVQW FOR LEAFLET M. 103.6 MACHINE TOOL DIVISION 
E BRITANNIA WORKS SHERBORNE STREET 


MANCHESTER 3 
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One of several SR2 
Radial Machine Drilling 
Machines used by the 
Metal Box Company. 


SR.2 


RADIAL DRILLING MACHINES 





Remarkably efficient— 
YET SO LOW IN PRICE 

In two sizes — 36” and 48” radius — the S.R.2 
drills up to 14” mild steel 9 spindle speeds ; 
nickel-chrome steel ground gears, heat treated to 
100/110 tons per sq. in. Constant-flow pump 
supplies oil to gearing. Speeds (100-1,500 r.p.m.) 
selected through easily accessible levers. 
An attractive optional extra available on this 
machine is a motorised table elevating unit for 
effortless control. 


MIDGLEY & SUTCLIFFE LIMITED : 
Tel.: 76032/3 


HUNSLET LEEDS 


(ndh) 1974 


The Institution of Production Engineers Journal 


SLASH SET-UP TIMES 
with ROCKWELL 


=) HELICAL CLAMPS | 





BRITISH PATENT 
Each Clamp a complete unit 
—no parts to lose 
Fast easy mounting 


Accurate and simple height adjustment 
Small clamp projection over workpiece 


2-position strap brings clamp 
close to work 


Available in 22 sizes 
Long trouble-free service 


SIZE 1 SIZE 2 
for %”,4”, Iland for ts”. #", I4and 
12mm.‘T' slots 6mm. ‘T’ slots 
No. Heights No. 
e- i3" 2/1 te | i 


— 








11 
1/2 $- 12” 2/2 '. 1?” | 
1/2 4- 3° 2/3 14- 3” i 
1/4 28- 54” 2/4 28- 5%” 
1/5 4%- 19° 2/5 43- Té” 
1/6 7 -10’ 2/6 7 -10” 
SIZE 3 SIZE 4 
for +4”,2”, 17 and for +2”, 20 and 
Write for fully illustrated leaflet giving 18 mm. v slots 22mm. T slots 
prices, sizes and quantity discounts. No. Heights No. Heights 
‘ 3/1 O- 23” 4/1 0 - 23” 
Also available from leading stockists. 3/2 1- 23” 4/2 1 - 23” 
PLACE YOUR ORDER TODAY! 3/3 2+ 4%” 4/3 2- 43” 
3/4 4- 8%” 4/4 - 8%” 
3/5 8-124” 4/5 - 125” 


Ul a PARA) weisn HARP, 


EDGWARE ROAD, 
EE) LONDON, N.W.2. 


GLAdstone 0033 





Also at 
Birmingham—Springfield 1134/5. Stockport—Stockport 5241. Glasgow—Merrylee 2822 
SC4 
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The Tri-pedal paving system uses three-point suspension to 


















ensure a permanently level, non-rocking surface for 
trucking. It needs no maintenance, no re-laying, and is 
virtually as permanent as the building itself. 

Tri-pedal paving, made of high-grade cast iron, offers high 
STRIATED 


—for heavy duty. 
Damps_ vibration 
and gives safe footing 
in all directions. 


resistance to corrosion, abrasion and heat; it is also 
completely impermeabie. For information on Tri-pedal 
in specialised and general industrial use, please 
PLANE-SURFACED write to the Butterley Company Ltd. 


— for the food industries. 
It is hygienic, dust — 

and contamination — 
free, and easily 
washed down. 


Bivrvenz.er 
Tri-pedal lron Paving System 


The Butterley Company Limited, 
Butterley Ironworks, near Derby. Telephone: Ripley 411 (9 lines). 
London Office: 9 Upper Belgrave Street, S.W.1. Telephone: Sloane 8172/3. 





Makers since 1790 of railway and other bridges, constructional steelwork, unit bridging, overhead cranes, railway wagons and mine cars, 
meehanite castings, iron paving, mining and sheet metal machinery, wrought iron bars, sewage ejectors, pumps and air compressors, 
wool washing machinery, oxygenerators, tonnage oxygen/nitrogen plants, high quality bricks, Aglite lightweight aggregate. 
BUT 8452 a 
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600 Group Service 


to the 


POWDER METALLURGY 
INDUSTRY 


in) 
GEORGE COHEN 


SONS AND COMPANY LIMITED 
Broadway Chambers London W.6 Telephone: RiVerside 4141 
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GENERAL SPINNERS _“* 
in all METALS. 


SHEET METAL WORK. 















SOLDERING ASSEMBLIES. 









LIGHT METAL PRESSINGS. 





3 8 oe het bet ot OF 818) (S_ 3 om 
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FACTORY ‘ESTATE 
WEST BROMWICH _ Telephone WES 2288 


BROMFORD LANE 





Spinners to the 


DAIRY, ELECTRICAL, MOTOR AND OTHER INDUSTRIES 





THE 


ERSATOO 


REGO. 


CABINET 


PROV. PAT. 9828/56 








for safeguarding 
valuable and precision equipment 


Extremely robust construction. Adjustable and removable 
trays which can be recessed for safe positioning and 
storage of equipment. Trays swing out to give easy access 
to instruments. Ideal for the Toolroom, Inspection Dept., 
Laboratory, Research Dept., etc., or by any machine 
using valuable tools, gauges or precision instruments. 
Principal Dimensions 36” x 284” x 192” 
W. PINDER & SON LTD - KING ST - PETERBOROUGH 


P4430 





Y press 
operators|need 


Udal protection 


A piece-work operator whose output is reduced by slow guard operation 
is a frustrated person, and a frustrated person is in constant danger. 
For greater safety and more production you should ask UDAL about 
theyfamous ‘Fastrip’ synchronised guards, worked by compressed air 
and timed to a split second. Details will gladly be sent on request. 





J. P. UDAL LIMITED 


INTERLOCK WORKS | 
COURT ROAD 
BIRMINGHAM 


Telephone : CALTHORPE 3114 


Lae, 





PRESS GUARDS 














val 





The Institution of Froduction Engineers Journal xevil 


DOUBLE SIX 


~ for long runs. . 
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For specially long runs or whenever the duty is 
very severe, Double Six Super Die Steel is recom- 
mended — the somewhat higher cost is recovered 
many times over in the extra production life of 
the tool. 

The highly alloyed composition gives it a cutting 
edge which will last longer than ordinary die steels: 
it is non-shrinking, and suitable for intricate 
sections. 

Our records show some outstandingly long pro- 
duction runs achieved by this superior die steel. 
Write for full information. 


Soe 
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PIERCING and BLANKING TOOL in Double 


Six steel for piercing and blanking fans for electric 
motors, Hardened and tempered to Rockwell 60 PA ¥ § fee THE LONG RUN 
“C” scale. Production 40,000 between regrinds 


on 18 gauge mild steel strip. Photograph by 
courtesy of Brook Motors Ltd., Huddersfield. 





To EDGAR ALLEN & CO. LTD. os 


Edgar Allen « Co. Limited 





, SHEFFIELD 9 

| Please post data on ‘‘Double Six Die Steels” to 

: PU ees sto ss saoncuaeseccespensu caver ive necaenee ee IMPERIAL STEEL WORKS SHEFFIELD g 
BOSICION I -.os spec cous eecmesier eee ee eee 

| RAEN enters ya cascades dab’ ache naseeeemacneeeer ns | i! 


| NONE SoA hoe oe Rh cs cctgeree O ! Post the coupon to-day for this Bool 
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| THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 


TELEPHONE: ROTHERHAM 2141. (10 lines) @® TELEGRAMS: YORKSHIRE, PARKGATE, YORKS 
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‘SKY-ZONE’ fork lift trucks 


COVENTRY-CLIMAX ENGINES LTD. (DEPT. P.E.J.) COVENTRY, ENG 





